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Susceptibility of wheat to mildew as influenced 
by carbohydrate supply 


Sam F. TRELEASE AND HELEN M. TRELEASE 


Although the significant features in the nature of the 
host plant that determine its degree of susceptibility to disease 
are as yet very imperfectly understood, recent studies have 
shown that susceptibility of plants to parasitic disease 
may be profoundly influenced by environmental conditions, 
of temperature, moisture, light, mineral nutrient supply, etc. 
And in some cases valuable suggestions have been obtained 
regarding the manner in which the effective internal conditions 
of the host may be influenced. For a number of plant diseases 
caused by obligate parasites a general correlation exists in 
many cases between host vigor and susceptibility to disease— 
the more vigorous host being more susceptible to such diseases 
than the less vigorous host (Raines, 1922). Carbohydrate 
nutrition, in particular, has been found to have an important 
influence on the degree of susceptibility of the host to rusts 
and to mildews. 

Fromme (1913) reported tests on the effect of light ex- 
clusion on the development of Puccinia coronifera on oats. 
Four cultures of the same age, seven days, were inoculated. 
One was placed in a darkroom and the other three were put 
in the greenhouse, in a glass box. After three days the first 
culture was transferred from the darkroom to the greenhouse. 
The incubation period for the three cultures kept in the green- 
house was eight days, while that of the culture left three days 
in the darkroom was eleven days. The difference of three days 
in the incubation period was exactly equal to the period of 
light exclusion and indicated a complete arrest of the develop- 
ment of the fungus in the darkroom. In another experiment, 
the effect of light exclusion during the latter part of the in- 
cubation period was tested. Four cultures were inoculated 
and placed in the greenhouse, in the glass box. Four days 
later one of them was transferred to the darkroom, where it 
was left four days, and then returned to the culture box. No 
signs of infection were visible on this culture at this time, 
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while unripe pustules on the other cultures were plainly visible. 
The pustules on the cultures that remained in the greenhouse 
ripened on the ninth day, while three additional days, 
twelve days in all, were necessary for a similar development 
of the culture that had been in the darkroom. By excluding 
light four days in the latter part of the normal incubation 
period, maturation of the rust had been delayed three days. 
Thus, even after the fungus had become well established in 
the host, its development was strongly retarded in complete 
darkness. Fromme says that the retardation of the growth of 
the fungus may be the direct effect of total absence of light on 
the fungus itself. Or it is possible that the fungus simply 
suffers from lack of food, since the host is incapable of 
photosynthesis in darkness. He suggests, however, that it seems 
hardly possible that such a complete inhibition in the growth 
of the fungus should have resulted in the brief time in- 
volved unless the fungus is dependent on the transition 
products of photosynthesis. This latter possibility, he states, 
is by no means inconceivable, and should this explanation 
prove the correct one it could be made the basis for an explana- 
tion of the obligate parasitism of the rusts and their inabil- 
ity to develop on any form of artificial medium. 

Reed (1914) studied the influence of light on infection of 
wheat and barley by mildews. Seedlings were grown in the 
dark until the first leaf was 2-3 cm. long and then inoculated 
with mildew spores from their respective hosts. Some of the 
inoculated plants were kept continuously in the dark and some 
were removed at once and placed in the light; at intervals 
of 24 hours other inoculated plants were transferred to the 
light. The general results were that no infection occurred if 
the plants were kept in the dark after inoculation. After 
removal of the seedlings to the light, infection occurred in 
proportion to the degree to which the etiolated leaves turned 
green. Ingeneralthe period of incubation was retarded pro- 
portionally to the time the plants were kept in the dark. 
Another series of experiments was carried out, first growing 
the plants in the light and then, after inoculation, placing 
them in the dark, some immediately, others after intervals of 
24 hours. In the case of the plants placed at once in the dark, 
no infection occurred. Those, however, that were kept in the 
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light for one or two days became infected. The period of in- 
cubation of the fungus, however, was materially retarded. 
Reed emphasizes the importance of chlorophyll, since he states 
that in general the effect of absence of light upon the mildew 
is considered to be an indirect one and has to do with the pri- 
mary effect upon the development of chlorophyll in the host 
cell. The infection fails to occur, he says, in those cells which 
have not developed the chlorophyll. The mildew, according 
to Reed, is a strict parasite, not attacking cells which are not 
capable of carrying on their normal functions. These results, 
he says, are quite different from those obtained by inoculating 
etiolated plants with saprophytic fungi; under such conditions, 
in some cases at least, saprophytic fungi are able to develop 
on the living tissues. 

Mains (1917) has reported experiments on the effects of 
light and carbohydrate supply upon the development of 
Puccinia Sorght on maize and Puccinia coronata on oats. He 
found that when leaves or seedlings were first deprived of 
carbohydrates, light was necessary for the development of 
these parasites on their hosts since it is necessary for the for- 
mation of carbohydrate by the hosts. When the host was 
able to obtain a supply of carbohydrates from a solution, 
light was not necessary for the development of either par- 
asite. The development of Puccinia Sorght was checked when 
the host was deprived of carbon dioxide. Pure cultures of 
Puccinia Sorghi were maintained upon sterile seedlings and 
upon pieces of maize leaf floated upon solutions of starch, 
sucrose, dextrose, maltose, and dextrin in the dark. Develop- 
ment of the fungus did not occur unless a carbohydrate was 
present in the solution. Mains considers that the obligate para- 
sitism of the rusts may probably be explained by their re- 
quirement of some transitory or nascent organic products, 
related to the carbohydrates, which they secure in the living 
host. 

Leach (1919) has used specific food requirements of fungi 
as the basis of an hypothesis to explain the phenomena of rust 
resistance and biologic specialization in rusts. He considers 
that each biologic form of rust requires a specific food, which 
is produced only in a limited number of host forms. 

The study here reported was planned in order to obtain 
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further information concerning the effect which carbohy- 
drate supply might have upon the susceptibility of the host 
to parasitic disease. Wheat mildew was selected as repre- 
senting a disease that could be readily studied under green- 
house and laboratory conditions. 


INFLUENCE OF LIGHT UPON SUSCEPTIBILITY 


Effect of period in dark after inoculation upon incubation 
period. The data recorded in table 1 were obtained in tests 
made to determine the effect of the length of an initial period 
in darkness upon the incubation period of wheat plants in- 
oculated with mildew (Erysiphe graminis). Seedlings of Leap’s 
Prolific (winter) wheat were grown in a shaded greenhouse 
for seventeen days in four-inch pots, about fifty seedlings in 
a pot. The seedlings, which were about 18 cm. high and had 
two expanded leaves, were sprayed with distilled water and 
inoculated at 5 o’clock in the afternoon with mildew spores 
shaken from heavily infected plants. Three similar tests were 
made. In the first test inoculation occurred on July 26, 1927; 
in the second, on August 2, 1927; and in the third on June 11, 
1928. In the third test the plants were kept in darkness for 
two days preceding inoculation, in order to allow exhaustion 
of surplus carbohydrate from the leaves.’ For each test eight 
lots, as shown in table 1, of two pots each were used. Immed- 
iately after inoculation, the first lot was left in the greenhouse 
where it was exposed to the usual alternating periods of light 
and darkness; the others were placed in the dark, and one 
lot was removed to the greenhouse each day. The darkroom 
is adjacent to the greenhouse and receives a continuous supply 
of fresh air from the latter, by means of an electric fan; thus 
temperature (averaging about 25°C.) and humidity were 
nearly the same in the greenhouse and in the darkroom. Ob- 
servations were made twice daily, at 9 A.M. and at 5 P.M.; 
and a record was obtained of the approximate time when 
spore tufts became visible on the leaves. 

No development of mildew spores occurred on inoculated 
plants left for 7 days or longer in the dark; these plants Were 
very chlorotic and died a few days after being placed in the 


1 Wheat leaves, even after exposure to bright light, appear to have only 
a small excess of carbohydrate food. See a later section of this paper. 
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greenhouse. After the plants had been in the dark for about 
4 days, numerous light yellow flecks appeared on the leaves, 
indicating initial infection, but spore masses did not develop 
on these plants. The lack of susceptibility of wheat in the 
dark suggests at once, as was pointed out by Fromme (1913), 
Reed (1914), and Mains (1917), that the leaves are not sus- 
ceptible unless they contain an adequate supply of carbo- 
hydrate foods, normally manufactured in the light by photo- 
synthesis. 
TABLE 1 


Effect of period in dark after inoculation upon incubation period 
(time required for mildew appearance)* 


DELAY: 
INCUBATION PERIOD | PERIOD IN GREENHOUSE PERIOD IN DARK 
PERIOD |INCUBATION PERIOD, MINUS MINIMUM BEFORE MILDEW MINUS DELAY, 
IN | DAYS | INCUBATION PERIOD, APPEARANCE, DAYS DAYS 
DARK, | DAYS 
DAYS | ' — 
siaia Av} 1) 2] 3] Av.| 1 | 2 3 |Av.| 1 | 2 | 3 [Av 
| — 
0 3.5) 4.0) 3.0) 3.5) 0.0) 0 o| 0.0) 0.0 3.5 4.0 3.0 3.5 | 0.0 | 0.0 | 0.0 10.0 
1 3.5) 4.5) 3.5) 3.8) 0.0) 0.5) 0.5) 0.3 | 2.5 | 3.5 | 2.5 | 2.8] 1.0 | 0.5 | 0.5 0.7 
2 4.0) 4.5) 3.5) 4.0) 0.5) 0.5) 0.5) 0.5 | 2.0 | 2.5) 1.5 | 2.0) 1.5] 1.5] 1.5 [1.5 
3 5.0) 5.0) 4.0) 4.7) 0.5) 1.0] 1.0) 0.8 | 2.0} 2.0 | 1.0] 1.7 | 2.5 | 2.0} 2.0 {2.2 
4 5.5) 5.5) 5.0) 5.3) 2.0) 1.5) 2.0) 1.8 | 1.5 1.5 1.0 1.3 2.0 | 2.5 | 2.0 |2.2 
5 6.5) 6.5) 7.0) 6.7) 3.0) 2.5) 4.0) 3.2 5.9 1.5 | 2.0 1.6 2.0 | Sue 1.0 |1.8 
6 7.5) 8.5) 8.0} 8.0) 4.0) 4.5) 5.0) 4.5 1.5 2.5 2.0 | 2.0 2.0 1.5 1.0 1.5 


* No infection occurred on plants left for 7 or 8 days in the dark; these plants 
were very chlorotic and died a few days after being placed in the light. 


In the first test recorded in table 1 an initial period of 1 
day in darkness did not lengthen the incubation period, but 
in the second and third tests it increased the incubation period 
by 0.5 day. Progressively longer periods in the dark definitely 
lengthened the incubation period. The delay in the appearance 
of mildew spores (actual incubation period minus minimum 
incubation period) varied directly with the length of the 
initial period in the dark. 

The time required in the greenhouse before the appearance 
of mildew spores was less for the plants that had been in the 
dark than for those left in the greenhouse. Thus, tufts of mildew 
spores usually appeared in from 1.0 to 2.5 days after the plants 
were transferred from the darkroom to the greenhouse, whereas 
the minimum incubation period for plants remaining in 
the greenhouse was from 3.0 to 4.0 days. This indicates that 
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spore germination and some development of mycelium oc- 
curred in the dark. That absence of light did not completely 
arrest the development of the mildew is also shown by the 
last four columns of table 1. When the plants were kept in 
the dark for one or more days, the delay in mildew appearance 
was never as great as the period during which the plants had 
been in darkness. 

Injurious effects of darkness and of mildew upon wheat. 
Some of the effects of mildew and of absence of light were 
observed after the plants were transferred from the darkroom 
to the greenhouse. These may be illustrated by a description 
of the appearance of the plants four days after the last culture 
had been removed from the darkroom. The plants were ar- 
ranged in a series according to the length of their period in 
darkness, beginning with those that had not been in the dark- 
room after inoculation and ending with those that had remained 
for 8 days in the darkroom. This series represented progres- 
sively greater dwarfing, increased chlorosis, more pronounced 
drooping, and less abundant development of mildew. The 
plants which had been in the dark from 0 to 2 days were large 
and vigorous, dark green in color, erect, and heavily covered 
with tufts of mildew spores. Those which had been in darkness 
from 3 to 5 days were dwarfed (about three-fourths as tall 
as the preceding), increasingly chlorotic and wilted, and only 
sparsely covered with mildew conidia. And those which had 
been in the dark from 6 to 8 days showed greater dwarfing 
(being about one-half as tall as the plants not placed in the 
darkroom), they were extremely chlorotic, and they exhibited 
pronounced drooping. Only a very slight development of 
mildew spores was visible on the plants which had been in 
the dark for 6 days, and none on those which had been in dark- 
ness for 7 and 8 days. 

Aside from showing the influence of darkness in rendering 
the plants less susceptible to mildew, these tests bring out 
the high degree of injury that results from exclusion of light. 
In fact, wheat plants seem to be injured more rapidly by dark- 
ness then by mildew. Seedlings are unable to survive a period 
of seven days in the dark, whereas they usually are able to 
live for two or three weeks with the most severe infection pos- 
sible with mildew if other conditions are favorable. 
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These tests illustrate a difficulty met in attempting to 
correlate host vigor and susceptibility. The plants that were 
left in the greenhouse after inoculation were much more vig- 
orous than those kept in the dark for 6 days, and, judging by 
their ability to support the fungus, they were much more sus- 
ceptible to mildew. And yet the greater vigor of these plants 
enabled them to live considerably longer than the less sus- 
ceptible plants that had been injured by lack of light. As 
time went on, the plants tended more and more to recover from 
the injury they sustained during the absence of light, but con- 
currently the injurious effects of the mildew infection became 
increasingly greater. Where two sets of adverse conditions 
have been operative together (here darkness and mildew in- 
fection), it may be difficult to evaluate the relative degree of 
injury that has been produced by either one of the conditions 
in question. 

TABLE 2 


Effect on mildew infection of placing inoculated plants in darkness after various 
initial periods in light* 


INITIAL PERIOD INCUBATION PERIOD, DAYS 


IN LIGHT, 
DAYS PLANTS CUT LEAVES” 
0 : ° 
1 c c 
2 3.5 3.0 
3 3.0 3.0 


* At beginning of test (June 24, 4 p.m.), the plants had been in the dark for 
3 days; they were 12 days old, 19 cm. high. 

>’ When potted plants were placed in the dark, six leaves were cut off and 
placed on wet blotting paper in a moist chamber. 


© No infection occurred. 


Effect on mildew infection of placing inoculated plants in 
darkness after various initial periods in light. Table 2 shows 
the results secured in a test made to determine the incubation 
period for plants that were inoculated and kept in the green- 
house for different periods of time and then transferred to 
the darkroom. The seedlings were grown in the greenhouse, 
and three days before inoculation they were put in the dark- 
room, so as to diminish the reserve carbohydrate food that 
they might contain. They were inoculated with mildew in the 
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greenhouse at 4 P.M. on June 24, 1928, when they were 12 days 
old and about 19 cm. high. The first set was placed immed- 
iately in the dark, the second was put in the dark after 1 day, 
the third after 2 days, and the fourth after 3 days. Duplicate 
pots, of about 50 seedlings each, were used for each treatment. 
When each set of plants was transferred to the dark, six 
leaves were cut off and placed on wet blotting paper in a moist 
chamber. 

it will be seen from table 2 that no mildew developed on 
the plants placed immediately in the dark nor upon those 
left in the greenhouse for one day. But spores appeared after 
3.5 days on the plants that remained in the greenhouse for 
2 days before removal to darkness. This indicates that sufficient 
food—probably carbohydrate, protein, or both—was made 
or accumulated during the 2-day period to render the plants 
sufficiently susceptible to allow subsequent development of the 
parasite; secondary infection did not occur in the dark, how- 
ever, and these plants died after about 12 days. The incuba- 
tion period for mildew on the seedlings in the greenhouse was 
3.0 days. 

It is interesting to note that mildew spores may be 
formed sooner on cut leaves than on those remaining attached 
to the plant. This is seen in the case of the seedlings that 
had been in the greenhouse for 2 days before being trans- 
ferred to the darkroom. The shorter incubation period was 
probably due to a greater retention of food by these leaf por- 
tions, since translocation was prevented by detachment from 
the basal growing region of the leaf as well as from the rest 
of the plant. 

Slight development of mildew in dark on very young seed- 
lings still receiving carbohydrate supply from endosperm. The 
tests thus far described were made with seedlings that had 
exhausted the carbohydrate of the endosperm and had been 
in darkness for a period of 2 or 3 days prior to inoculation 
(except in two tests recorded in table 1). In view of Mains’s 
(1917) observation that the endosperm of maize continued 
for a long time to supply materials that allowed the develop- 
ment of rust in the dark, it seemed of interest to test the sus- 
ceptibility of very young wheat seedlings that were still re- 
ceiving food from the endosperm and had been carrying on 
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photosynthesis. For this purpose, seedlings that were only 
4 days old, with the first green leaf about 8 cm. long, were 
inoculated at 4 P.M. on June 24, 1928, and placed immediately 
in the darkroom. At the end of four days a very slight de- 
velopment of small patches of mildew spores was visible on 
the leaves. Three days later, when the tufts had reached 
their maximum size, the amount of mildew was very small 
in comparison with the development on similar seedlings 
in the greenhouse. 

Mildew development as an index of photosynthetic activity. 
The foregoing experiments, of course, suggest that the capacity 
of the wheat leaf to support the development of mildew might 
be used as an index of photosynthetic activity. This might 
prove useful for qualitative tests comparable to those of 
starch accumulation or increase in dry weight of the leaf. 


INFLUENCE OF CARBOHYDRATE AND ALCOHOL SOLUTIONS 
UPON SUSCEPTIBILITY OF LEAVES IN 
DARKNESS 


It has long been known that green leaves which have pre- 
viously been freed from starch can absorb various organic 
substances from solution and form starch in the dark. The 
literature contains reports of many studies made to deter- 
mine the species of plants in which starch formation may 
occur in darkness, the kinds and concentrations of organic 
substances that may be assimilated, and the effects of tem- 
perature and poisons on the process. Reference may be made 
here to the following workers who have made important in- 
vestigations of these problems: Boehm (1883, 1889), Schimper 
(1885), E. Laurent (1886), Meyer (1886), Bokorny (1888), 
Acton (1889), Saposchnikoff (1889), Nadson (1890). Mazé 
(1899, 1911), J. Laurent (1904), Molliard (1907), Ravin (1913), 
Knudson (1916), and others have developed methods for grow- 
ing green plants in sterile cultures and supplying them with 
organic substances through their roots. 

Mains (1917) was able to grow pure cultures of Puccinia 
Sorghit upon sterile seedlings of maize and upon pieces of 
maize leaf floated upon solutions of starch, cane sugar, dex- 
trose, maltose, and dextrin in the dark. The fungus did not 
develop upon either seedlings or pieces of maize leaf that 
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were exhausted of carbohydrates and supplied only with a 
salt solution or distilled water in the dark. 

The foregoing studies suggested that wheat leaves kept 
in the dark might be susceptible to mildew if they were sup- 
plied with solutions of organic substances. Tests were therefore 
made to determine the effects of different kinds and concen- 
trations of carbohydrate and alcohol solutions. 

Effects of different kinds of carbohydrates and alcohols upon 
the development of mildew on wheat leaves in darkness. Seed- 
lings of Leap’s Prolific wheat were grown for fourteen days 
in four-inch pots, or until they were about 18 cm. high. After 
they had been placed in the dark for 2 days, to free them from 
a surplus of food, they were inoculated in the same manner 
as in the preceding tests. About 10 cc. of solution were poured 
into an ordinary Pyrex test-tube (150 mm. high and 18 mm. 
in diameter, without lip; capacity 30 cc.), and the test-tube 
was lightly plugged with absorbent cotton. The solutions were 
prepared with tap water, tests having shown that the develop- 
ment of the mildew was the same when tap water or distilled 
water was used. Three leaves were cut from the inoculated 
plants and quickly transferred to the test-tube. Each leaf 
portion, about 8 cm. long, floated in the solution, so that the 
cut end was submerged to a depth of about 2 cm. while the 
rest was exposed to the air within the test-tube. For each solu- 
tion five test-tubes containing leaves were prepared and placed 
in the darkroom at an average temperature of about 21°C. 
The development of mildew on the leaves was observed by 
turning on an electric lamp for a few minutes, and final records 
were usually obtained after about seven days. No special 
precautions were taken to assure sterility of the preparations, 
but the mildew generally developed more rapidly than bacteria 
and other fungi, and the results were discarded where serious 
contamination occurred. 

Table 3 shows the results secured with fourteen different 
carbohydrates and two alcohols. All of the solutions were 
prepared so as to have a carbon concentration equivalent to 
that of a 0.1 M dextrose solution. The various types of solu- 
tions differed in osmotic value, but the latter was never high 
enough to bring about injury to the leaves. Each of the 
fourteen carbohydrates and the two alcohols rendered the 
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leaves susceptible to mildew. Only a very few small spore 
tufts, hardly visible without the aid of a hand-lens, were formed 
on the control leaves supplied with tap water. Although exact 
estimation was not possible, the number of spores produced on 
the control leaves appeared to be less than one-hundredth 
as great as on the leaves marked in the table with a single 
plus sign. 
TABLE 3 


Development of mildew on leaves of wheat kept in darkness and supplied with solutions 
of carbohydrates and of alcohols; every solution prepared with tap water 
and equivalent in carbon concentration to a 0.1 M dextrose solution 





























DEVELOPMENT 
GENERAL CLASS SUBSTANCE OF MILDEW 
Monosaccharides Arabinose [Cs5H,00s] + 
Xylose [CsH100s] or 
Rhamnose [C.sH,,O; -H,0] + 
Dextrose [CgHj20, -H,O] + 
Levulose [CsHj20¢] ++4 
Galactose [CgH.0¢] ++ 
Mannose [C6H20¢]} + 
Disaccharides Sucrose [CypH2Oy | +++ 
Maltose [CpH2On -H,O] ++ 
Lactose [CyH2On -H,O]} = ie ae 
Trisaccharides Melezitose [CjsH320;. -2H2O] +44 
Non-sugars Starch [(Ce6H)00s)n] oo 
Dextrin [(CgH00s)»] 4. 
Inulin [(CgH,005). -H,O] 4. 
Alcohols Glycerine [CsH;(OH)s] ++ 
_Manatte (CAO o) a 


* Only a few, extremely small tufts of spores developed on the control leaves, 
inoculated with mildew and supplied with tap water. Number of spores produced 
on these control leaves appeared to be less than one-hundredth as great as the 
number on leaves marked +. 


The roughly quantitative comparison recorded in table 3 
shows that the monosaccharides dextrose and levulose, the 
disaccharide sucrose, and the trisaccharide melezitose were 
most effective in increasing the susceptibility of the leaves 
to mildew. The monosaccharides xylose and galactose, the 
disaccharides maltose and lactose, and the alcohol glycerine 
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appeared to be less effective. And the monosaccharides ara- 
binose, rhamnose, and mannose, the non-sugars starch, dex- 
trin, and inulin, and the alcohol mannite seemed to be least 
effective. The reasons for these differences may be expected 
to depend upon a complex set of conditions, involving the 
rate of diffusion of the organic substance in question, the ability 
of the leaf cells to absorb the substance directly or after di- 
gestion by enzymes,’ the rate of translocation of the substance 
or of its products from the subepidermal to the epidermal 
cells of the leaf, the capacity of the leaf cells to convert the 
substance into forms that can be used by the parasite, etc. 
The action of the organic substance may in some cases involve 
injurious chemical and osmotic effects upon host and para- 
site. Since the branched haustoria of the mildew penetrate 
only the epidermal cells (Smith, 1900), it is obvious that the 
growth of the fungus should be markedly influenced by the 
kinds and concentrations of substances within these cells. 

All of the substances listed in table 3 are utilized by fungi 
and bacteria in artificial culture, and many of them induce the 
accumulation of starch in leaves supplied with them in dark- 
ness. By hydrolysis, of course, sucrose is converted into dex- 
trose and levulose; maltose into dextrose; lactose into dex- 
trose and galactose; melezitose into dextrose and turanose 
(isomeric with sucrose) and the latter into dextrose and levu- 
lose; starch into dextrin and maltose and the latter into glu- 
cose; and inulin into levulose. Little is known, however, 
concerning the nature of the chemical alterations which they 
undergo during utilization by fungi or by green leaves. 

It is interesting to note in this connection that when leaves 
are supplied with sucrose solutions in the dark, there is an 
increase in the protein content of the leaves (Saposchnikoff, 
1889, 1890, 1891, 1893), and proteins thus formed may be of 
importance in rendering wheat leaves susceptible to mildew. 
Although most fungi that can be grown in artificial culture are 
able to elaborate their own proteins from carbohydrates and 
simple mineral salts, sufficient evidence is not yet available 
to show how important a part the proteins of the host may 


? It would be expected that absorption of colloidal starch could occur 
only after extracellular digestion, such as takes place in cultures of fungi or 
bacteria growing in starch media. 
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have in the development of obligate parasites. From present 
knowledge, it would not be safe to assume that the degree 
of susceptibility of wheat to mildew is simply a question of 
the kinds and concentrations of carbohydrates present in the 
wheat. 

Fromme (1913), in attempting to explain the retardation 
of growth of oat rust on its host in the dark, suggests that 
the fungus may be dependent on the transition products of 
photosynthesis. The present tests indicate that mildew de- 
velopment may depend just as well upon products of diges- 
tion as upon products of photosynthesis. And it is apparent 
that many different carbohydrates, as well as glycerine and 
mannite, may furnish the wheat leaf with materials which, 
directly or indirectly, allow the fungus to derive nourishment. 

The obligate parasitism of the rusts might be explained, 
according to Fromme (1913), by their dependence upon transi- 
tion products in photosynthesis, or similarly, according to 
Mains (1917), by their requirement of some transitory or 
nascent organic products (certain stereoisomers, possibly) 
related to the carbohydrates, which they obtain only in the 
living host. 

Specific food requirements of fungi have been found in 
many cases since Pasteur’s original discovery of the action 
of Penicillium glaucum on dextro-, levo-, and racemic-tar- 
taric acid. 

Leach (1919) has elaborated an hypothesis to explain the 
phenomena of rust resistance and biologic specialization in 
rusts. He supposes that each biologic form of rust has its speci- 
fic food requirements, conforming with the molecular con- 
figuration of its protoplasm. This food, which is in turn speci- 
fic in relation to the protoplasm which produces it, is found 
only in a limited number of host species. When a given bio- 
logic form of rust invades a plant that does not contain this 
specific food, the fungus consequently dies of starvation and 
in this process of starvation secretes an enzyme that is in- 
jurious to the plant cells with which it comes in contact. 

Experimental evidence is not yet available concerning the 
forms of food directly utilized by the rusts or by the mildews. 
It is clear, however, that the proper transformation of any 
one of many carbohydrates, as well as of glycerine and mannite, 
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occurs readily in the wheat leaf so that the required foods 
are supplied to the mildew. It is obvious, of course, that the 
reason why wheat is often susceptible to wheat mildew while 
barley is always immune to this fungus cannot be explained 
in terms of carbohydrate content (since both wheat and barley 
may have the same amount); but it might possibly be ex- 
plained, as suggested by Leach, in terms of the kind of car- 
bohydrate—no two plant species having exactly the same kind 
of starch, protein, etc. 
TABLE 4 


Development of mildew on leaves of wheat kept in dark and supplied with various 
concentrations of sucrose in tap water 





CONCENTRATION 








——— _— —— SS DEVELOPMENT 
Relative carbon Grams per 100 cc. OF MILDEW 
concentration® of solution 

0 0 0 

1/512 0.003 o 

1/256 0.007 0 

1/128 0.013 o 

1/64 0.027 ta 

1/32 0.053 0 

1/16 0.107 0° 

1/8 0.214 + 

1/4 0.428 a 

1/2 0.855 ™ 

1 1.711 | +++ 

2 | 3.422 | +4+++ 

4 6.844 +++++ 
8 13.687 roe ee 
16 27.374 +++++++4+ 





2 Ratio of carbon concentration to carbon concentration of a 0.1 M dextrose 
solution. 
> Only a few, extremely small tufts of spores produced. 


Effects of the concentration of sucrose, dextrose, and glycerine 
upon the development of mildew on wheat leaves in darkness. 
The results recorded in tables 4-6 were obtained in tests 
made to determine effects of different total concentrations of 
sucrose, dextrose, and glycerine upon the susceptibility of 
wheat leaves to mildew in darkness. In tables 4 and 5 the 
concentrations are expressed as relative values in which unity 
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represents a carbon concentration equivalent to that of a 
0.1 M dextrose solution. In table 6 the concentrations are 
given in terms of osmotic value. 

Only a few, extremely small tufts of mildew spores, general- 
ly visible only with the aid of a hand-lens, appeared on the 
leaves supplied with tap water alone. This development was 
so slight that it is recorded as zero in attempting to estimate 
the relative abundance of spores on the leaves (table 4). 
Relative concentrations of sucrose from 1/512 to 1/16 appeared 
to be no more effective in increasing the susceptibility of the 
leaves. But a clear increase in spore production was evident 
with relative concentrations of 1/8, 1/4, and 1/2; and increas- 
ingly higher concentrations gave greater development. The 
optimum concentration was not exceeded, since the highest 
concentration (16, or 27.374 grams of sucrose per 100 cc. of 
solution) allowed the most abundant production of spores. 

In the tests recorded in table 5 an attempt was made 
to estimate more accurately the relative abundance of mildew 
that developed on leaves supplied with a series of concentra- 
tions of sucrose, dextrose, and glycerine. The preparation 
showing the greatest development of spores per unit leaf 
area was assigned a value of 100, and indices were given to 
the other preparations by comparison with this standard. 
Development of mildew in the tap water controls was ex- 
tremely slight. With the sucrose solutions the abundance 
of mildew increased rapidly as the concentration became 
higher, and an optimum is indicated for a relative concentra- 
tion of 16. Spore production on leaves supplied with the op- 
timum solution was much more abundant than was ever 
observed on cultures in the greenhouse. Similar results were 
obtained with dextrose solutions. The lower concentrations 
of dextrose appeared to give somewhat higher values than 
the corresponding concentrations of sucrose, the optimum 
was reached at a lower carbon concentration than with su- 
crose, and a marked falling off in mildew development occurred 
with the highest concentrations. The lower concentrations 
of glycerine seemed to be more effective than similar con- 
centrations of either sucrose or dextrose; the optimum was 
attained at a carbon concentration of only 4, and a rapid 
decrease in mildew is evident for concentrations exceeding 
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the optimum. At its optimum concentration glycerine was 
only about 50 per cent as effective as sucrose at its optimum, 
and dextrose was about the same as sucrose. 

The data of table 5 have been rearranged in table 6 to bring 
out the relation of the osmotic concentration of the solutions 
to the development of mildew in the dark. Approximate 
osmotic values were calculated by the formula t= MRT, in 


TABLE 5 


Development of mildew on leaves of wheat kept in dark and supplied with various 
concentrations of sucrose, dextrose, and glycerine in tap water 


RELATIVE CARBON DEVELOPMENT OF MILDEW 
CONCENTRATION® 
Sucrose Dextrose Glycerine 
0 ta (P 
1/32 1 1 1 
1/16 1 1 1 
1/8 1 1 2 
1/4 1 1 3 
1/2 5 3 +t 
1 10 | 20 10 
2 20 40 40 
4 70 70 50 
8 90 90 20 
16 100 45 5 
32 50 10 1 


* Ratio of carbon concentration to carbon concentration of a 0.1 M dextrose 
solution. Thus, each of the following solutions has a relative carbon concentration 
of unity: 0.05 M sucrose, 0.1 M dextrose, 0.2 M glycerine. 

’ Only a few, extremely small tufts of spores produced. 


which = is the osmotic value in atmospheres, M is the volume- 
molecular concentration, R is the constant 0.082, and 7 is 
the temperature on the absolute scale (here considered to be 
273 plus 21, or 294). The formula thus becomes m= 24.1M. 
In making these calculations, osmotic values are thus assumed 
to be directly proportional to volume-molecular concentra- 
tions. It is to be noted that for equivalent carbon con- 
centrations the volume-molecular concentrations, and there- 
fore the osmotic concentrations, are as 0.05:0.10:0.20 or as 
0.5:1:2 for sucrose (C)2H2OQ,), dextrose (CsH:.0¢), and gly- 
cerine (C;H;(OH),), respectively. 








19 
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Examination of table 6 shows at once that the optimum 
osmotic value for mildew development is 19.28 atmospheres 
(or 0.8M) for each of the substances, although the relative 
carbon concentrations of the optimum solutions, as shown in 
the preceding table, are different—16 for sucrose, 8 for dex- 
trose, and 4 for glycerine.* This suggests that the optimum 
concentration for each substance is limited by the osmotic 


TABLE 6 


Relation of osmotic concentration of solutions of sucrose, dextrose, and glycerine to 
development of mildew on leaves of wheat in darkness 


OSMOTIC DEVELOPMENT OF MILDEW 

CONCENTRATION, 

ATMOSPHERES” Sucrose Dextrose Glycerine 
0 Og tg 0 
0.04 1 -— 

0.08 1 1 
0.15 1 1 1 
0.30 1 1 1 
0.60 § 1 2 
1.21 10 3 3 
2.41 20 20 4 
4.82 70 40 10 
9.64 90 70 40 
19.28 100 900 50 
38.56 50 45 20 
77.12 - 10 5 
154.24 — ‘ 1 


* Calculated by formula r=24.1M, in which x is the osmotic value in atmos- 
pheres and M is the volume-molecular concentration. 
’ Only a few, extremely small tufts of spores produced. 


properties of its solution, and may be related to serious in- 
jury through plasmolysis of leaf cells, to low water-supplying 
power of the solution, to high vapor-pressure deficit of the 
atmosphere above the solution, etc. A comparison of tables 


’ The optimum sucrose solution contains 27.37 grams per 100 cc. of 
solution; the optimum dextrose solution 14.41 grams of the anhydrous sugar; 
and the optimum glycerine solution, 7.36 grams. These values represent 
approximately the percentages of solute. For accurate equivalents on the per- 
centage basis (grams of solute per 100 grams of solution), the densities of the 
solutions would have to be known. 
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5 and 6 indicates that the increase in mildew development, 
below the optimum, is correlated more closely with the carbon 
concentration of the solution than with its osmotic concentra- 
tion. Thus, for the lower concentrations the capacity of the so- 
lution to induce the development of the mildew on the wheat leaf 
seems to be largely determined by carbon concentration and 
to be nearly the same for different kinds of solutions equiva- 
lent in carbon concentration. But as the carbon concentra- 
tion of a solution of any one of the substances is increased, 
the increase in effectiveness appears to reach a limit deter- 
mined by osmotic properties. The optimum solutions of su- 
crose, dextrose, and glycerine gave indices of mildew develop- 
ment of 100, 90, and 50, respectively. These differences seem 
to be determined, in part at least, by the fact that without 
exceeding 19.28 atmospheres a relative carbon concentration 
of 16 may be obtained with sucrose, while the corresponding 
carbon concentrations obtainable with dextrose and glycerine 
are only 8 and 4, respectively. 

In general a given osmotic concentration of sucrose induced 
the production of more mildew than did the same osmotic 
concentration of dextrose, and the latter had a greater effect 
than glycerine (table 6). Solutions having the same osmotic 
value also have the same number of molecules per unit volume, 
but each molecule of sucrose contains twice as many atoms 
of carbon as a molecule of dextrose, and a molecule of the 
latter has twice as many as a molecule of glycerine. Thus, 
with solutions equivalent in molecular concentration, effec- 
tiveness in promoting mildew development appears to be di- 
rectly related to the amount of carbon contained in each 
molecule. 

The capacity of a solution of an organic substance to in- 
crease the susceptibility of the leaf to mildew may be ex- 
pected to depend upon a very complex set of conditions. 

‘In interpreting these results, it should of course be borne in mind that 
the optimum concentration for each substance might be determined more pre- 
cisely by using a series of solutions with smaller gradations in concentration. 
In the series here employed, each solution has double the concentration of the 
preceding solution. Although the optimum osmotic concentration, as here 
determined, is 19.28 atmospheres, it should be recognized that the exact 


optimum might lie at a somewhat different concentration between 9.64 and 
38.56 atmospheres. 
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The following conditions may be mentioned as important in 
this connection: (a) the power of the solution to supply or- 
ganic material to the leaf (depending mainly upon the nature 
and molecular concentration of the dissolved substance), 
(b) the capacity of the leaf to absorb the organic substance 
in question, (c) the possible rate of conduction of the organic 
substance or its products to the epidermal cells, (d) the cap- 
acity of the leaf to transform the substance into materials 
that can be utilized by the fungus, and (e) the nature and de- 
gree of chemical and osmotic effects which the solution exerts 
upon host and parasite. 

Only very small amounts of starch were found in unin- 
fected and infected wheat leaves supplied in the dark with 
solutions of sucrose, dextrose, or glycerine. Tests were made 
in the usual way, by placing leaves in boiling water for one 
minute, then in alcohol until decolorized, and finally in a weak 
solution of iodine in fifty per cent alcohol, with enough chloral 
hydrate to nearly saturate the solution. The leaves showed 
no blue coloration to the naked eye, and microscopic examina- 
tion revealed only a very small number of starch grains, in 
the bundle sheaths. Wheat leaves from plants out-of-doors 
also contained no starch or only a very slight trace. The wheat 
plant apparently stores soluble carbohydrates as such and 
does not transform them into starch. Even the amount of 
soluble carbohydrate accumulated seems to be small under 
usual conditions with the leaf attached to the plant. Sugar 
analyses would be instructive in this connection. 

The mineral nutrition of these wheat leaves did not appear 
to be a limiting factor in the ability of the leaves to support 
mildew in these experiments. Mildew development was found 
in preliminary tests to be nearly the same on excised leaves 
supplied with a number of different three-salt solutions con- 
taining sugar; and the results seemed to be the same when 
tap water or distilled water was used in preparing sugar solu- 
tions. Since the susceptibility of plants grown for longer 
periods in solution cultures may be markedly influenced by 
the composition of the solution (Trelease and Trelease, 
1928), it may be expected that leaves in darkness may be found 
to differ in susceptibility if variations in mineral supply are 
sufficiently pronounced. The present study suggests, more- 
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over, that low susceptibility of plants grown in some culture 
solutions may result from an inhibition of the normal manu- 
facture of carbohydrates in the leaves; this might occur, for 
example, when the culture solution contained toxic concen- 
trations of salts of the heavy metals or when it contained the 
usual mineral nutrients in markedly unbalanced proportions. 

Chlorophyll disappears rather rapidly from wheat leaves 
supplied with the various sugars in darkness, so that pro- 
nounced chlorosis is evident after from seven to ten days. 
Differences were observed, however, in the rate of chlorophyll 
disappearance from leaves receiving the various solutions, 
the most conspicuous difference being the longer retention 
of the chlorophyll in leaves supplied with glycerine. The 
green color also remained longer in leaves that were free from 
mildew——-uninoculated leaves in carbohydrate solutions and 
inoculated leaves receiving only tap water or distilled water. 
Thus, mildew infection hastens the disappearance of chloro- 
phyll from the leaf in the dark as well as in the light. Chloro- 
phyll persisted longer in the neighborhood of mildew spore 
tufts than in other parts of the leaf. This is the so-called green- 
island phenomenon, widely observed and reported in the lit- 
erature of the rusts (see especially Rice, 1927). Reed (1904) 
reported that cells of the infected areas of the rye leaf retained 
their green color for a longer time than the other cells, while 
the reverse was true for the blue-grass leaf. 

When the spores were scraped from leaves kept in the dark 
a new tuft of spores developed in one or two days. Spores 
continued to be produced for more than a week, until the 
leaves gave every external indication of being dead. Thus, 
the process appeared to be like that occurring in infected 
leaves in the greenhouse. 

That chlorphyll is unnecessary for the development of 
mildew in the dark was clearly shown by a test with etiolated 
leaves, made at the same time as the tests recorded in tables 
5 and 6 and with seedlings of the same age but grown in the 
dark. The leaves lacking chlorophyll were treated in the same 
manner as the green leaves and were supplied with sucrose 
and dextrose solutions, each with a relative carbon concen- 
tration of 4. Mildew developed as rapidly and as abundantly 
on these leaves as on those which contained chlorophyll. 
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INFLUENCE OF CARBOHYDRATE SOLUTIONS UPON 
SUSCEPTIBILITY OF LEAVES DEPRIVED 
OF CARBON DIOXIDE 

It would be expected from the preceding experiments and 
from Mains’s (1917) study of rusts that wheat leaves deprived 
of carbon dioxide would not be susceptible to mildew, even in 
the light, unless a suitable carbon compound were supplied 
to the leaves. This was readily demonstrated by the test 
described below. 

Wheat plants, about 18 cm. high, were placed in the dark 
for two days so that most of their surplus carbohydrate food 
would be exhausted. The plants were then sprayed with dis- 
tilled water and heavily inoculated with mildew spores. Three 
leaves were removed and placed with their cut ends in tap 
water in a small vial, and the vial was suspended in a two- 
quart Mason jar. A wire passed around the neck of the vial, 
and a loop in the upper end hung on a hook inserted in a 
paraffined cork stopper that closed the mouth of the jar. 
The cork bore a straight calcium-chloride tube with a vial 
suspended about its lower end. This tube was filled with 
small pieces of pumice stone. The jar contained tap water to 
a depth of about 2.5 cm. A second jar was arranged with pieces 
of potassium hydroxide mixed with pumice in the calcium- 
chloride tube, and with potassium hydroxide solution (120 
grams of KOH in 400 cc. of water) replacing water in the 
bottom of the jar. A third jar was similar to the second ex- 
cept that a 3 per cent sucrose solution (relative carbon concen- 
tration, 1.75) was used instead of tap water in the vial holding 
the leaves. All three jars were placed in a north window of 
the laboratory. 

The first chamber thus contained ordinary air. The second 
and third contained air lacking carbon dioxide. The leaves in 
the first two chambers received tap water, while those in the 
third chamber were supplied with a carbohydrate solution. 

Well developed tufts of mildew spores appeared after five 
days on the leaves in the first and third jars; no spores were 
visible on the leaves of the second jar, even after ten days. 

This experiment shows that development of mildew spores 
does not occur on leaves exposed to light and kept in an atmos- 
phere free from carbon dioxide, but that the leaves may be- 
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come susceptible if supplied with a solution containing a 
suitable carbon compound. 
DISCUSSION 

Conditions determining the susceptibility of wheat to mildew. 
The results of the present study show that the susceptibility 
of the wheat leaf to a given strain of mildew was promoted 
by conditions which led to the accumulation of surplus carbo- 
hydrate in the leaf. Although it may be inferred that the de- 
gree of susceptibility was here controlled by carbohydrate 
content, sufficient information is not available to show whether 
the carbohydrates themselves, or whether other substances 
(proteins, etc.), whose formation is dependent on carbo- 
hydrates, are directly influential in determining susceptibility. 
The term susceptibility is used in a broad sense to denote the 
summation of the conditions within the host that tend to 
facilitate injury by the parasite. And the criterion of sus- 
ceptibility here employed is the relative abundance of mildew 
spores developed per unit area on a number of different leaves, 
which had previously been equally inoculated with mildew 
spores and then kept under conditions tending to assure uni- 
form pathogenicity of the parasite. 

It may be expected that many complex conditions operate 
together in determining the degree of susceptibility of a 
particular host to a given parasite. The relative quantitative 
significance of the various component conditions may be very 
different in different cases. Thus, it is conceivable that mor- 
phological conditions, nitrogen content of the host cells, 
water content, hydrogen-ion concentration, concentration of 
certain substances that are poisonous to the parasite, kinds and 
concentrations of carbohydrates, proteins, fats, enzymes, 
pigments, etc., may each exert a preponderating influence in 
certain cases. With the general conditions involved in the 
present study, susceptibility of the wheat leaf to a certain 
strain of mildew appears to be proportional to the carbohy- 
drate content of the epidermal cells of the host. It therefore 


5 Failure of the host to supply the fungus with adequate food materials 
seems to be the simplest explanation of the low susceptibility of leaves lacking 
a carbohydrate excess. Other important features may, of course, be correlated 
with low food content—substances poisonous to the fungus may be produced 
most abundantly in host cells inadequately supplied with carbohydrate food, 
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seems worth while in this connection to summarize briefly 
the conditions that determine the carbohydrate content of 
the epidermal cells into which the parasite grows.’ The carbo- 
hydrate content of the epidermal cells at any particular time 
may be considered to depend upon the following conditions: 


I. Past rates and periods of processes tending to increase carbohydrates 
in epidermal cells, depending upon: 
A. Rates and periods of entrance of carbohydrates into epidermal 
cells, depending upon: 
a. Carbohydrate content of subepidermal cells, depending upon: 
1. Rates and periods of processes tending to increase carbo- 
hydrate in subepidermal cells, depending upon: 

(A) Rates and periods of entrance of carbohydrates from 
outside the cells (as from endosperm, from other 
parts of plant, or from carbohydrate solutions 
supplied to leaf). 

(B) Rates and periods of formation of carbohydrates in 
these cells: 

(a) By photosynthesis, depending upon: 

(1) Quality and intensity of absorbed light. 

(2) Carbon dioxide absorption. 

(3) Temperature. 

(4) Chlorophyll content. 

(5) Water content. 

(6) Concentrations of products. 

(7) Condition of protoplasm (dependent on the 
nature of the plant and on the sum total of 
previous physical and chemical conditions 
or stimuli). 

(b) By other physiological processes (usually a neg- 
ligible factor). 
2. Rates and periods of processes tending to decrease carbo- 
hydrates in subepidermal cells, depending upon: 
(A) Rates and periods of exit of carbohydrates (by trans- 
location, to epidermal cells, out of leaf, etc.). 
(RB) Rates and periods of decomposition of carbohydrates 

(by respiration, protein formation, assimilation 

of protoplasm, etc.). 


or such cells may be most readily killed (hyper-sensitive) and thus lead to death 
of haustoria. Low protein content of the host cells, generally associated with 
deficient carbohydrate supply, may be an important condition in determining 
low susceptibility. 

6 It is of course realized that this outline is tentative and incomplete, and 
that even the relations which the outline attempts to indicate might be shown 
by a number of other schemes. 
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b. Rates and periods of movement of carbohydrates from sub- 
epidermal to epidermal cells. 

B. Rates and periods of formation of carbohydrates within epidermal 
cells, by photosynthesis in stomatal guard cells and by trans- 
formation of various organic compounds in epidermal cells. 

If. Past rates and periods of processes tending to decrease carbohydrates 
in epidermal cells, depending upon: 

A. Rates and periods of movement of carbohydrates out of epidermal 
cells (by movement into other host cells and into fungus 
haustoria). 

B. Rates and periods of decomposition of carbohydrates (by respira- 
tion, protein formation, assimilation, etc.). 


Absence of disease under conditions of high susceptibility of 
the host. Since the actual development of disease depends 
not only upon the susceptibility of the host but also upon 
the pathogenicity of the parasite, sets of influential conditions 
may exist in which no development of the disease occurs in 
spite of high susceptibility of the parasite and heavy inocula- 
tion with mildew spores (see discussion by Trelease and Tre- 
lease, 1928). This appears to be the explanation of the usual 
absence of wheat mildew on plants growing out-of-doors in 
full sunlight. 

Duggar (1909) states that wheat under partial shade often 
is badly infected with powdery mildew, which in the central 
part of the United States is seldom, if ever, seen in the open. 
He also says that time and again, in that same region, one 
may observe that in the case of well-watered lawns the mildew 
of blue grass abounds in a circle rather sharply limited by the 
heavier shadow areas of trees. Butler (1918) states that wheat 
mildew in India has only been seen causing serious damage 
in half-shaded pot culture experiments. 

These general observations were confirmed by tests made 
during the summer in full sunlight and under deep shade of 
trees near the Columbia University greenhouses. Inoculated 
plants kept in the shade always became heavily infected with 
mildew, while those in the open usually showed only a slight 
flecking of the epidermis and no development of spore tufts. 

It appears probable that direct sunlight increases the 
rate of photosynthesis and therefore tends to increase the 
susceptibility of the host to mildew, but intense light seems 
also to inhibit the pathogenicity of the parasite, by direct 
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action or because of high evaporation and consequent drying 
of the mildew conidia and superficial mycelium. Thus, the 
actual development of the disease may be completely in- 
hibited in spite of the high susceptibility of the host. 
Observations on the relation of temperature to mildew 
development have indicated that the optimum temperature is 
about 20°C., and that practically no development of mildew 
occurs at 30°C. It is impossible as yet, however, to state 
to what degree the checking of the disease by high temperatures 
depends upon low pathogenicity of the parasite and to what 
degree it depends upon low susceptibility of the host (the 
latter possibly associated with low carbohydrate content as 
the result of high rates of respiration and low rates of photo- 
synthesis). Reed (1916) observed that only very slight in- 
fection occurred on plants kept under bell-jars exposed to 
bright sunlight in a greenhouse that had not been white- 
washed. He attributed the low degree of infection to the high 
temperature within the bell-jar, but he did not determine 
the relative effects of temperature upon host and upon parasite. 


SUMMARY 


Wheat plants must be exposed to light in order to render 
them susceptible to mildew (as indicated by their capacity 
to support development of mildew and production of spores) 
under usual conditions. When infected plants were placed in 
the dark for one or two days and later removed to the light, 
the incubation period was nearly as short as for plants not put 
in the dark (about three and one-half days). When similar 
plants were placed in the dark from three to six days, the in- 
cubation period was lengthened by a period which was about 
two days less than the initial period in darkness. Plants left 
in the dark for seven or eight days were nearly dead at the 
end of this time, and no mildew developed on them. 

Wheat leaves in darkness were susceptible to mildew and 
supported an abundance of conidia if they were supplied 
with a solution containing any one of many carbohydrates 
or with a solution containing glycerine or mannite. Only afew 
very small tufts of conidia appeared on similar leaves supplied 
with tap water containing no carbohydrate. 

Chlorophyll is not necessary, since mildew developed 
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as readily on etiolated leaves in the dark as on green leaves, 
if a carbohydrate or glycerine was supplied to the leaves. 

Salt nutrition was not a limiting factor under the condi- 
tions of these tests, since a carbohydrate solution made with 
distilled water was about as effective as such a solution made 
with tap water or with a nutrient salt solution. 

The capacity of solutions of sucrose, dextrose, and gly- 
cerine to render leaves in the dark susceptible to mildew ap- 
pears to be directly related to the carbon concentration of 
the solution. Susceptibility increased with increase in con- 
centration until a limit was reached which apparently depends 
upon the osmotic properties of the solution, this limit being 
about 19 atmospheres for each of the three substances. 

Leaves exposed to light and kept in an atmosphere free 
from carbon dioxide were not susceptible to mildew unless 
they were supplied with a carbohydrate solution. 

Leaves of very young plants, which were receiving a supply 
of carbohydrates and other materials from the endosperm, 
were slightly susceptible to mildew in darkness. Leaves de- 
tached from these plants and placed in tap water in darkness 
were also slightly susceptible. 

All of the data secured in the present tests indicate that 
a relatively large surplus of carbohydrate in the host leaf is 
necessary for the abundant development of mildew; the supply 
of carbohydrate must be considerably greater than that re- 
quired for retention of life by the leaf. Under usual condi- 
tions the carbohydrates may be transition products of photo- 
synthesis, but they are not necessarily such products, since 
cut leaves may be rendered susceptible to mildew if supplied 
with a solution of glycerine or of any one of many carbohy- 
drates. 

The development of the mildew appears to be strictly 
limited by the life of the host. No tendency was observed 
for the mycelium to spread in the carbohydrate solution be- 
yond the leaves. The green island phenomenon, moreover, 
suggests the very intimate and possibly even mutualistic 
relation between the host and the obligate parasite, and in- 
dicates that the development of the parasite is dependent 
upon the continuance of the host’s metabolism. 

In the present experiments, as well as in a series of tests 








1929] 


on 1 
evid 
any 
of t 
accu 
a di 
leaf 
thes 
leaf. 
for 
is W 
tion 
of b 
con 
the 
con 
plat 
in ¢ 


Butl 
Dug 
Fro1 
Knu 


Lau 
Lau 








1929] TRELEASE AND TRELEASE: WHEAT MILDEW 91 


on the influence of mineral nutrition on susceptibility, no 
evidence was obtained which indicated that starvation or 
any other form of injury to the host favors the development 
of the mildew. 

Although the present tests emphasize the need of more 
accurate criteria of health and vigor than are now available, 
a direct relation between general health or vigor of the wheat 
leaf and susceptibility to mildew seems to be suggested by 
these studies dealing with the carbohydrate nutrition of the 
leaf. That carbohydrates are significant not only as materials 
for assimilation but as sources of energy in protein synthesis 
is well established. The known facts and the probable rela- 
tions of carbohydrates to the essential metabolic processes 
of both host and parasite point to the general conclusion that 
conditions which tend to lower the vigor of the host decrease 
the susceptibility of wheat leaves to mildew and conversely 
conditions which tend to favor the life processes of the wheat 
plant increase its susceptibility to mildew. This conclusion is 
in accord with the results of most workers on parasitic dis- 
ease in plants and apparently contradicts sweeping statements, 
found in current treatises on animal pathology, regarding the 
direct relation of lowered vitality to susceptibility. 
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New species of fossil plants from the Tertiary shales 
near De Beque, Colorado 


ARTHUR HOLLICK 


(WITH PLATE 2) 


The three species here described and figured were included 
in a collection of about forty specimens transmitted to me for 
identification, in August 1928, by the Department of Public 
Education of the American Museum of Natural History. 

Apparently two different floras were represented in the 
collection. One, which included about two thirds of the speci- 
mens, contained a number of species characteristic of the 
Florissant lake-bed deposits, such as Celastrus fraxinifolius 
Lesquereux, Fagopsis longifolia (Lesquereux) Hollick, Lomatia 
cf. terminalis or tripartita Lesquereux, Myrica coloradensis 
Knowlton, Myrica drymeja (Lesquereux) Knowlton, and Rhus 
coriarioides Lesquereux.. These may be inferred to be of Oli- 
gocene or Miocene age. The other flora, included in the re- 
mainder of the specimens, contained several species typical 
of the Green River shales, such as Aralia wyomingensis Knowl- 
ton & Cockerell, Myrica praedrymeja Knowlton, and Quercus 
castaneopsis Lesquereux, which are Eocene in age, and others 
that represented undescribed species. Among the latter were 
the three that form the subject matter of this paper. 

The collection, in its entirety, is recorded as having been 
made by Mr. Edmund Reynolds, at ‘different altitudes’, in 
the Tertiary oil shale beds in the vicinity of De Beque, Colo- 
rado. The probability appears to be that specimens from two 
different geological horizons are included in the collection; 
that the three specimens here described belong in the older 
one; and that this one represents the upper part (Bridger 
formation) of the Green River shales. 

If fuller information should be desired in regard to the 
exact stratigraphic relations of the shales, the subject may 
be found critically and exhaustively discussed by Dr. F. H. 
Knowlton, in his ‘Revision of the flora of the Green River for- 
mation, with descriptions of new species’. 

‘U.S. Geol. Survey, Prof. Paper 131-F (Shorter contributions to general 
geology. 1922), pp. 133-182. pl. 36-40. Mar. 30, 1923. 
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Pontederites thecoides n. sp. Organism apparently rep- 
resenting the remains of a membranous spathe, sheath, or 
bract-like leaf, 12 or more centimeters in length, expanded at 
one extremity to a width of about 2 cm., and contracted, for a 
distance of 3.5 cm. at the opposite extremity, to a width of 
about .75 cm.; nervation consisting of numerous closely approxi- 
mated parallel veins, including a major series and an obscurely 
defined minor series between, the two series connected by 
numerous cross veinlets that subtend approximately right 
angles with their supporting veins, forming a fine quadrangular 
reticulation throughout. Museum New York Bot. Gard. No. 
8 (plate 2, fig. 1). 


Numerous comparisons were made between this specimen 
and various parts of a number of existing species of mono- 
cotyledonous plants, without, however, arriving at satis- 
factory conclusions in regard to either its generic relationship 
or its morphologic status. It may be inferred, however, without 
question, that it belongs in the Monocotyledoneae, and its 
general appearance is suggestive of a flattened spathe or 
floral bract, or a clasping basal leaf or sheath common to cer- 
tain plants such as are represented in the genus Musa, and in 
the genera Pontederia, Piaropus, etc., in the Pontederiaceae, 
and Peltandra, Orontium, etc., in the Araceae; but which is 
the distal and which the proximal extremity of the specimen 
I am unable to determine. The broader, disrupted part may 
have been spathe-like, originally; and the dark, irregular 
patches, that are conspicuous features where a portion of 
the membranous area is missing, are suggestive of some dis- 
integrated enclosed organ, such as a spadix or flower cluster. 
On the other hand it also presents somewhat the appearance of 
a basal stem sheath, tubular and clasping below, open and flar- 
ing above. In the circumstances any more definite expression 
of personal opinion would appear to be of little value or in- 
terest. 

Reference of the species to the genus Pontederites Knowlton? 
might, perhaps, be regarded as not entirely justified. The 
genus was based by the author on a disrupted fragment of 
what he inferred to be the apical part of a monocotyledonous 
leaf resembling those of Pontederia cordata Linnaeus. His 
figure shows indications of a midvein, which feature is not ap- 


? Knowlton, F. H., op. cit., p. 154, pl. 36, fig. 6. 
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parent in our specimen. Otherwise, however, the nervation 
appears to be mutually identical; and inasmuch as both speci- 
mens belong in one and the same geological horizon there 
would seem to be no inconsistency in relegating them to one 
and the same genus. They may, in fact, represent different 
organs of a single species—one a leaf, the other a spathe or 
sheath. 

Odostemon Reynoldsii n. sp. Leaflet lanceolate-ovate in 
shape, coriaceous, about 5 cm. in length by 2.5 cm. in maxi- 
mum width, tapering above, rounded below to a broad cuneate 
base, short petiolate; margin finely denticulate from the widest 
part of the leaflet upward, entire below; nervation pinnate, 
craspedodrome; secondary nerves irregularly spaced and dis- 
posed, subtending various angles with the midrib, flexed and 
angled, the angles connected by tertiary cross nervation, with 
ultimate fine nervilles extending to the marginal denticulations. 
Mus. New York Bot. Gard. §§ (plate 2, fig. 2). 

Practically the only discernible difference between this 
specimen and many of the leaflets of existing species of Odos- 
temon Rafinesque (= Berberis Linnaeus, and Mahonia Nuttall) 
is the fine marginal denticulation of the fossil as compared with 
the prevailingly coarser dentition in most of the existing species. 
Heterophylly, however, is a well marked character of the genus, 
and leaflets may be readily selected from individual plants that 
are strikingly similar to ours in form and in marginal features, 
especially in specimens of Odostemon nutkanus (DC.) Gaines, 
and O. pallidus (Hartweg) Gaines, of western North America. 

The texture of our specimen was obviously thick and 
coriaceous, as indicated by the obscurely defined secondary 
and tertiary nervation; and the symmetry of shape, as well as 
the presence of a petiole, would seem to indicate that it was a 
terminal rather than a lateral leaflet, which latter are prevail- 
ingly unsymmetrical and sessile in existing species. 

Several fossil species have been described from Tertiary 
deposits of the western United States, among which may be 
mentioned Odostemon simplex (Newberry) Cockerell (= Ber- 
berts simplex Newberry*) as an example of their general foliar 
type; but, from the figures, it may be seen that none is likely 
to be confused with ours. 

3 Newberry, J. S. U.S. Geol. Survey, Mon. vol. 35 (The later extinct 
floras of North America), p. 97. pl. 56, fig. 2. 1898. 
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The specific designation, Reynoldsii, is given in recogni- 
tion of Mr. Edmund Reynolds, the collector of the specimen. 


Staphylea Viridifluminis n. sp. Capsule, flattened, ellip- 
soidal or obscurely obovate in outline, 4.5 cm. in length by 
2.75 cm. in maximum width, pedicillate, membranous and 
reticulate-veined throughout, apparently 3-celled or -divided, 
each division rounded proximad and distad, terminating dis- 
tally in a short awn or bristle, the three divisions compacted 
proximad, forming a curved-cuneate, apiculate base; sepals 
inferior, obscurely defined; pedicel about 3 mm. in length. 
Mus. New York Bot. Gard. No. °* (plate 2, fig. 3).° 


This specimen obviously represents a compressed and rup- 
tured pod or capsule belonging to the genus Siaphylea, and one 
so closely comparable with those of the existing S. trifoliata 
Linnaeus as to be impossible of differentiation if, for example, 
a flattened herbarium specimen is utilized for comparison. 
Incidentally, also, attention may be called to the rounded 
and the longitudinal markings in the median part of our spec- 
imen, which are strikingly suggestive of impressions of seeds 
and their accompanying placentae. 

Several American Tertiary species of Staph ylea—based upon 
the leaflets only—have been described and figured. One of 
these in particular—Staphylea acuminata Lesquereux*—from 
accredited Miocene or Oligocene deposits in Colorado, is sat- 
isfactorily identifiable with the genus; and, in as much as its 
geologic age is relatively close to that of our specimen, it 
might be of interest to speculate upon the possibility that 
these leaflets and the capsule now under consideration may be 
identical specifically, as well as generically. Future collec- 
tions, in one or another of the deposits in which either the 
capsule or the leaflets were found, ought to bring such remains 
to light, associated together. 

In conclusion the following quotation from Lesquereux’ 
discussion (op. cit., p. 267) may be of interest: ‘The species 
|Staphylea acuminata| is remarkably similar, considering the 
leaves at least, to the North American S. trifoliata Linn.’ 


* Lesquereux, Leo. U. S. Geol. Survey Terr., Rept. vol. 7 (The Tertiary 
flora), p. 267. pl. 48, figs. 4, 5. 1878; idem, vol. 8 (The Cretaceous and Tertiary 
floras), p. 183. pl. 36, figs. 1-4. 1883. 

5 Plate 2 from photographs by Henry C. Hartmann. 
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Studies on the flora of northern South America—XII' 
H. A. GLEASON 
Cyphostyleae—A NEW TRIBE OF MELASTOMATACEAE 


Stems woody. Leaves 5-pli-nerved. Inflorescence race- 
mose, terminal or axillary. Flowers 5-merous. Hypanthium 
and calyx densely hirsute, the calyx calyptriform, deciduous 
at anthesis, entire or separable into five sepals. Petals ample. 
Torus expanded horizontally even before anthesis, thick and 
fleshy, bearing the stamens and petals on its distal face, more 
or less arched over the mouth of the hypanthium. Stamens 5, 
episepalous in position, the stout filaments strongly incurved 
at the summit and again recurved to the erect anther; anthers 
oblong, stout, 2-celled, opening by a lateral pore at the summit 
of the deep ventral furrow; connective neither prolonged nor 
appendaged, continued without obvious articulation into the 
filament. Ovary wholly inferior, 5-celled; ovules numerous, 
minute, on an elongate placenta which is attached to the axial 
angle of the loculus by its center only. Style clavate, stout, the 
summit sharply curved or recurved to the broad truncate 
stigma. Fruit a capsule, dehiscent by 5 valves. Seeds numerous, 
straight, the raphe surrounded by a broad fimbriate wing. 


The tribe differs from all other melastomes in numerous 
characters. Calyptriform deciduous calyces are rare in the 
family, but occur in several genera. An expanded, terminal, 
pentagonal, fleshy torus is unknown to me elsewhere in the 
family. Several genera with strongly dimorphic stamens tend 
to suppress completely the inner circle, as Monochaetum, but 
the condition is comparatively rare, while the shape of the 
stamens, with their stout anthers set on S-shape filaments, 
is peculiar to the new tribe. Several genera present anthers 
with apparently lateral pores, caused by the bending of the 
anther immediately at the summit, but in the Cyphostyleae the 
anther is straight and the pore distinctly lateral. In various 
genera the style is gently curved or more or less sigmoid, but 
no others have such an abrupt hook at the summit of a cla- 
vate style. In no other genera known to me are the placentae 
attached by their centers only, with their ends extending 
down and up through the loculus. While capsular fruits are 
characteristic of eight tribes of the subfamily Melastomeae, 


1 Contributions from The New York Botanical Garden, No. 307. 
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they proceed almost invariably from ovaries wholly or nearly 
superior, while here the ovary is completely inferior. Two 
genera are included: 


Inflorescence axillary; calyx separating into distinct sepals before falling; 
torus sharply pentagonal, the projecting lobes simulating calyx-lobes 
but opposite the petals; summit of the anther arched over the pore, 
which is directed basally; summit of the style recurved; leaves strongly 
anisophyllous. . . : Allomateta. 

Inflorescence terminal; calyx not separating into distinct sepals; torus round 
or obtusely pentagonal; summit of the anther not arched over the pore, 
which is distinctly lateral; summit of the style bent at right angles; 
leaves of each pair essentially equal in size... Cyphostyla. 


Allomaieta gen. nov. 


Characters of the tribe. Stem, leaves, and inflorescence 
hirsute. Leaves unequal in each pair, the smaller cordate, the 
larger obovate; petioles short. Inflorescence small, axillary, 
the branches and short-pedicelled flowers subtended by subu- 
late bracts. Hypanthium campanulate, terminating in the 
acutely pentagonal torus. Sepals large, erect and connivent 
before anthesis, soon deciduous. Petals large, obovate, obtuse. 
Ovary glabrous. Stigma truncate-retuse. Fruit capsular, the 
hypanthium dehiscent to the middle in five valves. Seeds 
minute, semiovoid, the raphe surrounded by a broad, deeply 
fimbriate wing. 

Allomaieta grandiflora n. sp. Petioles 5 or 10 mm. long, 
hirsute like the stem; smaller leaf-blades cordate-ovate, re- 
flexed, 15-30 mm. long, 12-20 mm. wide, obscurely 5-nerved, 
abruptly acute; larger leaf-blades obovate-oblong, the largest 
18 cm. long and 7 cm. wide, acuminate, entire, narrowed from 
above the middle to a cordate base, the auricles overlapping 
above the petiole, 5-pli-nerved, the intermediate pair arising 
2-3 cm. above the base; midvein densely hirsute above, secon- 
daries prominulous only beneath, ascending at almost right 
angles, veinlets plane and finely reticulate; inflorescence 5—6- 
flowered, 2—3 cm. long; bracts 3-4 mm. long; pedicels about 
2 mm. long; hypanthium 3 mm. long, obscurely 10-ribbed, 
densely hirsute; sepals narrowly triangular-lanceolate, 9 mm. 
long, acuminate, long-hirsute; petals broadly cuneate-obovate, 
obtuse, glabrous, entire, 22 mm. long; filaments stout, somewhat 
flattened, erect, about 4.5 mm. long; anthers acute, nearly 
2 mm. long; ovary radially 5-ribbed at the summit; style about 
5 mm. long; stigma 0.8 mm. in diameter; fruiting hypanthium 
about 5 mm. long, the valves spreading or somewhat recurved; 
seeds with semi-ovoid, sharply tuberculate body 0.25—0.4 mm. 
long, the wing as wide as the seed or somewhat wider. 
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Type, Ariste-Joseph 1083, collected at Paime, Dept. Cun- 
dimarca, Colombia, and deposited in the United States Na- 
tional Herbarium as number 1,189,081 (duplicate in the her- 
barium of the New York Botanical Garden). 

The anthers are stout and plump, like those of Miconia 
section Amblyarrhena, but differ in their method of dehis- 
cence. Toward the base of the anther, the two pollen-sacs 
are separated by the usual suture; in the terminal quarter of 
the anther the sacs are confluent and project ventrally, so that 
the single pore is hidden beneath this projection and is directed 
basally. The fruiting hypanthium is only slightly enlarged 
and at maturity splits from the summit backwards about 
halfway to the base, along the lines of the sepalar mid-veins. 
The summit of the capsule of course splits radially at the same 
time and the dissepiments break from the axis, persisting along 
the wall of the hypanthium and leaving a free central axis. 
The minute seeds are semi-ovoid in shape and somewhat 
pointed. Along the straight side, or raphe, the seed bears a 
broad, thin, deeply fimbriate membrane surrounding the 
raphe and large enough to double the size of the seed proper. 


Cyphostyla gen. nov. 


Characters of the tribe. Inflorescence densely hirsute. 
Leaves essentially equal, ovate-oblong, on conspicuous petioles. 
Inflorescence terminal, loosely flowered, with long pedicels, 
the bracts none or early deciduous. Hypanthium obconic, 
densely hirsute with reflexed hairs. Sepals erect and united 
into a conic calyptra, deciduous at anthesis. Petals large 
purple, triangularly obovate or somewhat retuse. Ovary gla- 
brous. Stigma truncate-retuse. 


Leaves ovate-oblong, sharply acuminate. ... C. hirsuta. 
Leaves oblong, subacuminate to a blunt tip ; .C. villosa. 


Cyphostyla hirsuta n. sp. Stem, petioles, and inflorescence 
hirsute with purplish hairs 1-1.5 mm. long; petioles 5-10 mm. 
long; leaf-blades firm, ovate-oblong, the largest 9 by 3.5 cm., 
sharply acuminate, entire, appressed-ciliate with stout hairs, 
rounded at the base, 5-pli-nerved, the secondaries about 2 mm. 
apart; upper surface pubescent on the veins with short yel- 
lowish hairs 0.2 mm. long, hirsute on the surface proper with 
purplish hairs 1.5-1.7 mm. long; lower surface pale green and 
softly villous on surface and veinlets with erect whitish hairs 
0.5—0.8 mm. long, sparsely hirsute on the primaries with purplish 
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hairs 1-1.5 mm. long; inflorescence 1—3 cm. long, few-flowered ; 
hypanthium 6 mm. long, 6 mm. in diameter at the summit, 
fleshy, completely covered with stout, simple, retrorse bristles 
3.5 mm. long; calyptra 8 mm. long, hirsute like the hypan- 
thium; petals purple, 2 cm. long and broad; filaments about 
5 mm. long; anthers 5 mm. long; style about 9 mm. long. 


Type, Pennell 10,963, collected at Primavera, Dept. An- 
tioquia, Colombia, alt. 1800—2200 m., 22 Sep. 1922, and de- 
posited in the herbarium of the New York Botanical Garden. 


Cyphostyla villosa n. sp. Stem, petioles, and inflorescence 
pubescent, more densely toward the summit, with brownish 
papillose hairs 1-1.2 mm. long, the terminal seta soon de- 
ciduous; petioles 10-25 mm. long; leaf-blades oblong, thin, 
the largest 13 by 5 cm., subacuminate to a blunt tip, entire, 
obtuse at base, 5—pli-nerved, the secondaries 3 mm. apart; 
upper surface scabrous with short conic projections, many of 
which are tipped with strigose yellow hairs 1—-1.5 mm. long, 
and villous on the veins; lower surface thinly villous on surface 
and veins alike with whitish hairs 0.5-1 mm. long; inflores- 
cence 10-15 cm. long, the lower pedicels as much as 3 cm. 
long and all jointed 5 mm. below the summit; hypanthium 
5 mm. long, densely hirsute with reflexed hairs 3 mm. long; 
calyptra 15 mm. long, hirsute like the hypanthium; petals 
purple, triangular, slightly retuse, 25 mm. long and broad; 
filaments 5 mm. long; anthers 3.5 mm. long; style 7 mm. 
long. 


Type, Toro 1038, collected at Fredonia, vicinity of Medellin, 
Dept. Antioquia, Colombia, 30 June 1928, and deposited in 
the herbarium of the New York Botanical Garden. The mature 
fruit and seeds of both species Cyphostyla are as yet unknown. 


HYPERICUM, SUBSECTION EUBRATHYS, IN NORTHWESTERN 
SouTH AMERICA 


The genus Hypericum is represented in northern South 
America only by the section Brathys. Of the numerous species 
in the region, the most striking in appearance are the shrubs of 
the subsection Eubrathys, characterized by their freely branch- 
ing, usually bushy habit and their small, crowded, frequently 
imbricate leaves. Considerable confusion has developed in 
the identification of the material of this subsection in American 
herbaria, due primarily to the lack of any adequate mono- 
graphic treatment since 1862, when Triana and Planchon dis- 
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cussed the species of Colombia. Keller supplied a key to the 
species of the group in 1908, unaccompanied by descriptions 
and citations, except for a few new forms therein proposed, 
and almost the same arrangement reappeared in the second 
edition of the Natiirlichen Pflanzenfamilien. As a further con- 
tribution to our knowledge of the group, the following key is 
offered, based primarily on the large amount of material in the 
herbarium of the New York Botanical Garden, which has been 
compared with the equally copious material at Kew and Ber- 
lin. It has been possible to see either types or authentic ma- 
terial of nearly every published species. 

All members of the group agree in the general structure of 
the flower, exhibiting lanceolate to ovate or obovate, rather 
stiff and erect, green sepals, strongly inequilateral, oblong to 
obovate-rotund, yellow petals, numerous (12-120 or more) 
distinct stamens, and three (rarely four or five) styles, which 
are connate only in the single species H. aciculare HBK., of 
Ecuador. I have not dissected this species and it is omitted in 
the key. Differences in the shape of the petals exist among the 
species, but their shape can not often be ascertaimed with ac- 
curacy, even after careful dissection. Diagnostic characters lie 
chiefly in the number of stamens and in the dimensions and re- 
lative proportions of the different floral parts. In these fea- 
tures each species shows a high degree of constancy. The floral 
structures must always be supplemented by the foliar char- 
acters, and the leaves vary from narrowly linear to broadly 
ovate or obovate, from thin to stoutly ellipsoid, and from in- 
volute to flat or revolute. In the key below, the shape and 
size of the leaf and the size of the petals, number of stamens, 
and proportions of styles and ovary is given for each species. 
A variation of about a fifth in dimensions may be expected in 
any series of specimens, so that a species stated to have petals 
10 mm. long will probably show extremes of 8 and 12 mm. 


Group 1. Leaves only 2-6 mm. long. 


Petals more than 10 mm. long; stamens about 100; styles 5-8 mm. long and 
2-3 times as long as the ovary. 
Leaves flat. 
Leaves recurved-spreading, crisped on the margin when dry, averaging 
2-3 mm. long H. thuyoides HBK. 
Leaves strictly erect, thick, firm, or subfleshy. 
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Leaves rather remote, ovate, flat, averaging 4 mm. long 
H. Hartwegi Benth. 
Leaves imbricate, narrowly ovate, involute or boat-shaped, those 
of the flowering branches only about 2 mm. long 
oF H. myricariifolium Hieron. 
Leaves linear, involute we H. laricifolium Juss. 
Petals 5-9 mm. long; stamens few or many; styles 1.5-4.5 mm. long. 

Leaves thick and fleshy, somewhat boat-shaped, linear to oblanceolate, 
erect, longer than the internodes, 1.5—2.5 mm. long; stamens about 60; 
styles twice as long as the ovary H. Lindenii Keller. 

Leaves linear, involute, acerose. 

Stamens about 35; styles 1.5 mm. long, twice as long as the ovary 
H. bryoides Gleason. 
Stamens about 90; styles 4.3 mm. long; ovary 3.5 mm. long 
H. laricoides Gleason. 

Leaves flat, strictly erect and imbrieate, somewhat fleshy or firm, ovate, 
about 5 by 3 mm.; stamens about 45; styles about 3 mm. long, twice 
as long as the ovary H. quitense Keller. 

Leaves flat, thin, spreading, conspicuously exposing the quadrangular 

internodes, mostly 3-6 mm. long. 
Stamens 20-30; styles 2mm., ovary 1.4 mm. long 
H. loxense Benth. 
Stamens about 100; styles 4.5 mm., ovary 1.5 mm. long 
H. carinosum Keller 


Group 2. Leaves revolute. 


Stamens about 100; petals 13 mm. long; styles 8 mm. long, three times as 
long as the ovary; leaves linear, 8-10 mm. long 
H. chamaemyrtus Tr. & PI. 
Stamens about 25; petals 8-10 mm. long; styles 0.5 mm. long, less than half 
as long as the ovary; leaves lanceolate, 1 cm. long 
ee ee a H. gnidioides Seemann. 


Group 3. Leaves narrowly linear, acerose, involute, about 10 mm. long. 


- 


Stamens 12-40; petals 4-7 mm. long. 
Styles normally 5, about equaling the ovary...H. Brathys Lam. 
Styles 3, much shorter than the ovary... H. strictum HBK. 
Stamens 60-120; styles about equaling the ovary. 
Petals about 7mm., filaments 4 mm., styles 1.9 mm. long 
H. Holtoni Gleason. 
Petals 10-14 mm., filaments 6 mm., styles 4~4.5 mm. long. 
Leaves acicular, about 1mm. wide, closely involute 
eye a ers H. struthiolaefolium Juss. 
Leaves linear, 2-4 mm. wide, scarcely involute 
a& we wea es ......H. Weberbaueri Keller. 


Group 4. Leaves flat, 6-25 mm. long. 


Stenophyllous species: leaves 2.5-4 mm. wide and 4-8 times as long. 











1929] GLEASON: FLORA OF SOUTH AMERICA 103 


Styles 1.5-2 mm. long, about half as long as the ovary. 
Stamens 20-30; styles 4; petals about 5 mm. long 
To a seen De are ere FF 
Stamens about 50; styles 3; petals about 10 mm. long 
memhy Sia hace oi H. lancifolium Gleason. 
Styles a third to a half longer than the ovary. 
Petals 7 mm., sepals 6 mm. long; stamens 40-50. 
Flowers solitary at the tips of the branches 
eis wa H. thymifolium HBK. 
Flowers in small clusters ..H. Jussiaei Pl. & Lind. 
Petals about 10 mm. long; sepals 9 mm. long; stamens 60-70 
«ais lea amaetias eae ag aR re ......-H. Weberbaueri Keller. 
Styles 2.5—3 times as long as the ovary; stamens 80-100. 
Petals 6-7 mm. long; styles 4.5 mm. long. . H. carinosum Keller. 
Petals 14 mm. long; styles 8.5 mm. long. ..H. Phellos Gleason. 
Platyphyllous species: leaves 3-10 mm. wide and 2-3 times as long, or even 
proportionately broader; petals 10-14 mm. long. 
Styles 2-3 times as long as the ovary; stamens 80-120. 
Leaves elliptic, sharply acute... . H. stenopetalum Turcz. 
Leaves obovate, obtuse or rounded..... H. platyphyllum Gleason. 
Styles equalling or somewhat longer than the ovary; stamens 40-55. 
Leaves obtuse or rounded, elliptic. .. H. mexicanum L. 
Leaves sharply acute. 
Leaves ovate-lanceolate, falcate, glaucous, flabellately nerved 
wee ; H. pimelioides P|. & Lind. 
Leaves elliptic, straight, green, 1-nerved.H. caracasanum Willd. 


Hypericum bryoides n. sp. Stems freely and cespitosely 
| branched, forming compact bushes about 1 dm. high; terminal 
branches 1-3 cm. long, erect, densely leafy, with internodes 
0.5 mm. long; leaves crowded, imbricate and beautifully de- 
cussate, ascending, sessile, lance-subulate, rather thin, involute 
or boat-shaped, channeled on the lower side along the midvein, 
conspicuously punctate in two longitudinal rows, 2.5-3 mm. 
long, 0.5 mm. wide before unrolling; flowers solitary on very 
short pedicels at the summit of the branches; sepals ovate- 
lanceolate, 3—3.5 mm. long, 0.9-1.1 mm. wide, obscurely 3- 
nerved; petals obliquely obovate, 3.5—-4 mm. long, 2—2.2 mm. 
wide, not apiculate; stamens about 36, very irregular in length, 
the longest 3 mm.; ovary ovoid, 0.8 mm. long; styles 3, stout, 
erect, 1.5 mm. long. 


Type, Killip & Smith 19,533, collected on the western 
slope of the Paramo de Santurban, Dept. Santander, Colombia, 
alt. 3000 m., 18 Feb. 1927, and deposited in the herbarium of 
the New York Botanical Garden; also Killip & Smith 18,631, 
from Pdéramo de Romeral, Dept. Norte de Santander, alt. 
3800—4200 m. 
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Hypericum laricoides n. sp. Freely branched; stems naked 
below with exfoliating bark; internodes 3-4 mm. long on the 
principal branches, their leaves linear or linear-lanceolate, 
acerose, involute, 5—6 mm. long; microphyllous axillary shoots 
freely developed, rarely exceeding the subtending leaves and 
bearing imbricate leaves 3-4 mm. long; flowers solitary, ter- 
minating elongated microphyllous shoots, the pedicels 1-2 
mm. long; sepals ovate-lanceolate, acuminate, 6 mm. long, 
faintly 5—nerved ; petals obliquely obovate, 9 mm. long; stamens 
about 90, all separate, 4.5 mm. long; ovary ovoid, 3.5 mm. 
long; styles 3, separate, 4.3 mm. long. 


Type, Pittier 12,713, collected on the Péramos de Timote, 
Merida, Venezuela, alt. 3800—4200 m., where it forms exten- 
sive colonies, 24 Jan. 1928, and deposited in the United States 
National Herbarium. The plant has the aspect of H. lar- 
icifolium, but differs in its acerose leaves, somewhat smaller 
flowers, and much shorter styles. 


HYPERICUM stTRICTUM HBK. The species is common and 
widely variable. In its typical form it does not extend north 
of Bogota, but varieties occur in Santander and Norte de 
Santander. 


Hypericum strictum compactum (Tr. & PI.) new comb. 
(H. struthiolaefolium compactum Tr. & Pl.). Low cespitose 
shrub 1-3 dm. high; stems more or less crooked, spreading, 
freely and compactly branched, the branches short. 


Paramos de Santurban and Romeral, Santander and Norte 
de Santander. Although differing remarkably from the species 
in its general appearance, the flowers maintain the typical 
structure precisely. 


Hypericum strictum reductum n. var. Floral parts all much 
smaller then the type, the petals 4 mm., sepals 2.7 mm., sta- 
mens about 15, the longest only 3 mm., ovary 2.1 mm., styles 
1.6 mm. 


Type, Killip & Smith 19,534, collected on the western 
slope of the Péramo de Santurban, toward Tona, Santander, 
Colombia, alt. 3000 m., 18 Feb. 1927, and deposited in the 
herbarium of the New York Botanical Garden. 


Hypericum Holtoni n. sp. Stems freely and compactly 
branched, obscurely quadrangular, the principal internodes 
5-7 mm. long; leaf-bearing branches rather crowded, the in- 
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ternodes 2-3 mm. long; leaves recurved-ascending, narrowly 
linear, 10-12 mm. long, involute, pungently pointed; flowers 
solitary, terminating the numerous short lateral branches; 
sepals lanceolate, acuminate, 5.5 mm. long; petals oblong, 7 mm. 
long, 2.4 mm. wide; stamens about 65, 3.7—4.3mm. long; ovary 
2.4 mm. long; styles 4(!), 1.9 mm. long. 


Type, Holton 787, collected ‘in montibus juxta Bogotam’, 
Colombia, 10 Nov. 1852, and deposited in the herbarium of 
Columbia University at the New York Botanical Garden. 
With the general habit and appearance of H. Brathys Lam., 
its flower—parts are regularly larger and the stamens more 
numerous. It also resembles //. strictum compactum in ap- 
pearance, but differs in the size of the flowers and number of 
stamens. 


HYPERICUM STRUTHIOLAEFOLIUM Juss. Material has been 
seen only from Ecuador and farther south; numerous Colom- 


bian specimens referred here are mostly /. strictum HBK. or 
H. Brathys Lam. 


Hypericum lancifolium n. sp. Suffruticose, the older stems 
invested with minute leaf-bases, the internodes 2—4 mm. long; 
leaves ascending, sessile, somewhat appressed at base, nar- 
rowly linear, 10-12 mm. long, 1.5-2 mm. wide, sharply ac- 
uminate; flowers few, solitary at the end of the branches, on 
pedicels 2-4 mm.- long; sepals lanceolate, 1.8-2 mm. wide, 
8.5 mm. long; petals narrowly obovate, about 10 mm. long; 
stamens about 50, 4.3 mm. long; styles 3, 2 mm. long, about 
half as long as the ovary. 

Type, Killip & Smith 17,138, collected on open bank, 
vicinity of La Baja, Dept. Santander, Colombia, alt. 2200— 
2600 m., 14—28 Jan. 1927,and deposited in the herbarium 
of the New York Botanical Garden. It is nearly related to 
H. Jahnii Keller, and differs in its three styles, larger petals, 
and more numerous stamens. 


HYPERICUM WEBERBAUERI Keller. Weberbauer’s original 
collection is from Peru. Pennell 4783, from Bolivar, Colombia, 
agrees with the type in all except a few trifling matters of 
dimensions. I also refer here Killip & Smith 18,187 and 18,205, 
from Paéramo de las Puentes, Santander, in which the flowers 
are somewhat larger than in the type and the persistent leaf- 
bases are much more conspicuous. 








106 BULLETIN OF THE TORREY CLUB [VOL. 56 


Hypericum Phellos n. sp. Shrub 3-4 mm. high, freely 
branched above, the bark of the leafless branches conspic- 
uously exfoliating, principal internodes about 1 cm. long, the 
upper ones 4-angled and marked with 4 rows of conspicuous 
rounded corky protuberances; microphyllous axillary shoots 
freely developed and often flowering; principal leaves widely 
spreading, bright green, sessile, oblong-oblanceolate, 10 mm. 
long, 3 mm. wide, acute, cuneate to the base, flat, sparsely 
and inconspicuously punctate, 1-nerved, with a few faint 
lateral nerves visible on the lower side; flowers solitary, ter- 
minal, on pedicels about 3 mm. long; sepals ovate-lanceolate, 
6 mm. long, longitudinally veined; petals obliquely obovate, 
about 13 mm. long; stamens about 100, 5-6 mm. long; ovary 
ovoid, 3.5 mm. long; styles 3, separate, 8.5 mm. long. 


Type, Killip & Smith 18,199, collected on Paéramo de las 
Puentes, above La Baja, Dept. Santander, Colombia, alt. 
3700—3800 m., 25 Jan. 1927, and deposited in the herbarium 
of the New York Botanical Garden. Other specimens by the 
same collectors are 15,650 and 17,727. H. Phellos has a general 
similarity to H. Jussiaei P|. & Lind. and HH. thymifolium HBK.., 
but is distinguished by its larger petals, longer styles, and more 
numerous stamens, as well as by the remarkable development 
of cork along the younger internodes. These protuberances 
become flattened out on the older twigs and finally exfoliate 
and disappear. 


Hypericum platyphyllum n. sp. Stems woody, stout and 
crooked, 5-15 dm. high, freely branched above, leafy only on 
the smaller branches, the leaves often persisting below as ap- 
pressed scales; principal internodes only 1 mm. long; leaves 
decussate, spreading at an angle of about 60°, densely imbri- 
cate, coriaceous, pale-green, oblong-obovate, 6 mm. long, 3 
mm. wide, obtuse or rounded, cuneate to the base, the upper 
surface freely, the lower sparsely punctate, a few irregular 
lateral veins visible on the lower side; flowers solitary, terminal, 
nearly sessile; sepals oblong-obovate, 5.7-7 mm. long, 2-2.4 
mm. wide, inconspicuously longitudinally nerved; petals ob- 
liquely obovate, about 14 mm. long; stamens 80 or more, 
about 7.5 mm. long; ovary ovoid, 2.5 mm. long; styles 3, separ- 
ate, divergent, 5 mm. long. 


Type, Killip & Smith 18,626, collected on the Péramo de 
Romeral, Norte de Santander, alt. 3800-4200 m., 30 Jan. 
1927, and deposited in the herbarium of the New York Botan- 
ical Garden. Other specimens agreeing with the type are 
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Killip & Smith 18,559 from the same péramo and 17,496 and 
17,515 from Paéramo de Santurbén. Their number /5,616, 
Paramo de las Vegas, has less crowded leaves 10 by 5 mm.; 
18,580, Paramo de Romeral, has narrower, subacute leaves on 
longer internodes, frequently with microphyllous axillary 
shoots, and is referred here with hesitation. H. platyphyllum 
resembles H. mexicanum L. in general habit, but differs in its 
smaller leaves, longer and more numerous stamens, propor- 
tionately longer styles, stout crooked stems, persistent leaves, 
and absence of persistent petiolar scars. 


THE GENUS MARIPA 


The genus was founded by Aublet in 1775, with the single 
species Maripa scandens. Earlier in the same volume he also 
founded the genus Mouroucoa, with the one species M. violacea. 
The latter is now generally recognized as a Maripa, and its 
priority of position led Kuntze to transfer to it all the later 
species of Maripa. Both of Aublet’s genera are illustrated in 
his usual style, and these plates become of the greatest value in 
associating his names with current herbarium material, since 
the types are now practically worthless. The obvious points 
of difference are the large flowers, conic ovary, and long fila- 
ments in Mouroucoa, in contrast with the small flowers, ovoid 
ovary, and short filaments of Maripa. : 

The further growth of the genus is shown below. 


1818. M. erecta G. F. W. Meyer, Prim. Fl. Esseq. 115. British Guiana. 
1845. M. glabra Choisy, DC., Prodr. 9: 327. French Guiana. 
1846. M. densiflora Benth., Hook. London Jn. Bot. 5: 351. British Guiana. 
1869. M. passifloroides Benth., in Mart. Fl. Bras. 7: 207. Alto Amazonas. 
M. cayennensis Meissn., op. cit. 208. French Guiana. 
M. axilliflora Mart., op. cit. 208. Eastern Peru. 
M. cordifolia Klotzsch, op. cit. 209. British Guiana. 
1881. M. nicaraguensis Hemsl., Biol. Centr. Am. 2: 382. Central America. 
M. panamensis Hemsl., |. c. Panama. 
1891. M. paniculaia Barb. Rodr., Vellosia ed. 2. 1: 59. Brazil. 
1892. M. longifolia Sagot, in Hallier, Engl. Jahrb. 16: 525. French Guiana. 
1920. M. scandens argentea Benoist, Bull. Mus. Hist. Nat. Paris 26: 560. 
French Guiana. 
920. M. repens Rusby, Descr. S. Am. Pl. 103. Venezuela. 
22. M. reticulata Ducke, Arch. Jard. Bot. Rio Janeiro 3: 248. Brazil. 
M. tenuis Ducke, op. cit. 249. Brazil. 
1925. M. scandens albicans Ducke, op. cit. 4; 170. Brazil. 
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Maripa villosa Spreng., M. spectabilis Choisy, and M. acuminata Rusby 
are excluded from the genus. 


The determination of the application of the older names 
to current herbarium material is a matter of some difficulty 
Mouroucoa violacea Aubl. has very large flowers and elongate 
filaments: in these respects it suggests Maripa passifloroides 
Benth., as Sagot suggested on the label of his own specimen. 
I agree with Sagot in this belief, but do not consider it advis- 
able to resurrect a specific name which has been in disuse for 
so long a time, unless on the most positive evidence. M. scan- 
dens Aubl. is characterized by the author as having a cinereous 
calyx and filaments about as long as the anthers. But one species 
from the Guianas presents this combination and it is quite prob- 
able that the name rightfully belongs here. But Aublet’s illustra- 
tions are notoriously inaccurate and his descriptions usually 
omit or neglect the characters now known to be of chief tax- 
onomic value, so that we have no positive proof of the appli- 
cation of his name to this or to any other species. Meissner 
applied the name to a plant with long filaments, common in 
French Guiana, and I believe we had better give his opinion 
the benefit of all possible doubt. M. erecta Meyer was based 
on a plant described by Rodschied as an ‘arbor alta elegans,’ 
and this statement has been accepted and continued by recent 
authors. There is not the slightest reason to believe that 
Maripa is ever arborescent, or that it ever fails to climb un- 
less forced into a trailing habit by lack of proper support. I 
have accepted Meissner’s reference of Wullschlaegel 821 to this 
species and have accordingly considered it a synonym of 
scandens. M. cayennensis Meissn. appears to be the same. 
The types of the remaining species of northern South America 
have been examined. 

Corolla deeply 5-fid, the lobes not connected by membranous plaits, 13.5 mm. 
long over all; filaments dilated at base into flat ciliate triangular appendages 
1.6-1.9 mm. wide and 2.4 mm. long, the actual filament inserted on the 
back just below the summit of the appendage; flowers in axillary racemes; 
8 a re 1. M. axilliflora. 

Corolla-lobes connected by membranous plaits; flowers in terminal panicles. 
Expanded corollas 55-65 mm. long, of which the actual tube consititutes 

about a fourth; filaments 19-20 mm. long, the flattened base triangular, 
5-6 mm. long, 2 mm. wide, glandular-ciliate; summit of filament 
sparsely glandular; anthers 9-10 mm. long......2. M. passifloroides. 
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Expanded corollas 30-45 mm. long, of which the actual tube constitutes 
about a half; filaments 9-14 mm. long, the summit glabrous, the 
expanded basal portion pubescent or glandular throughout; ovary 
cylindric or conic. 

Sepals ovate to rotund, even the inner three about as wide as long, the 
outer two glabrous or nearly so. 

Filaments sharply incurved 1 mm. below the summit and again 
recurved at the base of the anther, the latter erect and connivent 
around the style just below the stigma; expanded base of the 
filaments 1.4 mm. long and densely villous 

vee weeeeeeseecde M. panamensis. 

F damente erect, straight or euentially so, the expanded base crisp- 
pubescent. 

Filaments abruptly dilated below into a flat, triangular base 

5 mm. long, 1.3 mm. wide, and er short-pubescent 

ated . M. nicaraguensis. 

Filements stout, mainte 1.3- 1.5 mm. in diameter at base, 

gradually tapering to the summit, the basal 5 mm. longi- 

tudinally grooved on the inner face and pubescent with 


short stout hairs....................5. M. colombiana. 
Sepals rotund to transversely hiees, the inner three much wider than 
long, the outer two densely sericeous........6. M. scandens. 


Expanded corollas mostly less than 25 mm. long, of which the actual tube 
constitutes about half; filaments 2.5—8 mm. long; inner three sepals 
not more than 7 mm. wide; ovary subglobose to ovoid or short- 
cylindric. 

Outer two sepals densely sericeous; filaments 4-6 mm. long (or rarely 

a trifle longer), glandular on the triangular base; ovary short-ovoid, 

glabrous....... — 7. M. cordifolia. 

Outer sepals glabrous, ‘but cov ered wtih minute shining resinous 
particles. 

Filaments about 4.3 mm. long, the expanded base glandular- 
pubescent with hairs about 0.2 mm. long; ovary short-ovoid, 
densely villous at the summit. . .....8. M. densiflora. 

Filaments about 8 mm. long, the expanded base densely villous with 
minutely glandular crooked hairs 0.5—0.8 mm. long; ovary short- 
ee ee re 9. M. repens. 

Outer sepals glabrous; Glemente 2. 5 mm. long, the expanded base 
glandular-ciliate; ovary stoutly ellipsoid, glabrous 

ty ahi Ly eee eae .10. M. glabra. 

Flowers unknown ‘s 11. M. longifolia. 


1. MARIPA MAXILLIFLORA Mart. Tarapoto, Peru: Spruce 
4230 (type). The original description is adequate and is accom- 
panied by an accurate plate. 

2. MARIPA PASSIFLOROIDES Benth. (Mouroucoa violacea 
Aubl.?) Alto Amazonas: Spruce 1419 (type); British Guiana: 
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Hohenkerk 713; French Guiana: Sagot 1160. Meissner’s plate in 
Flora Brasiliensis indicates a deeply 5-fid corolla, which is not 
in accordance with the facts. It is distinguished even in foliage 
by the reticulate venation on the upper leaf-surface. 

3. MARIPA PANAMENSIS Hemsl. Panama: Fendler 255 
(type), Williams 985, Pittier 3994, 5489. The fruit is ellip- 
soid, 3 cm. long, longitudinally ribbed, and sharply cuspidate. 

4. MARIPA NICARAGUENSIS Hemsl. Nicaragua: Tate 245, 
418 (type); Honduras: Wilson 633. 

5. Maripa colombiana n. sp. Branches flexuous, the flower- 
ing stems erect, stout, irregularly angular, becoming fur- 
furaceous-puberulent in the inflorescence; panicle or raceme 
apparently 1-2 dm. long, the lateral peduncles 2—3 cm. long, 
jointed in the middle, and bearing one or two flowers; outer 
sepals leathery, thinner at the margin, subrotund, 8 mm. long, 
8.5 mm. wide, glabrous, inner sepals leathery, thinner at the 
margin, subrotund, 8.3 mm. long, 8.6 mm. wide; corolla 40 mm. 
long, the tube 22 mm. long and glabrous, the lobes lanceolate, 
18 mm. long, densely sericeous with short hairs, the plaits 
glabrous; stamens attached 4.5 mm. above the corolla-base; 
filaments straight, subulate, nearly terete, 11.6 mm. long, 
gradually tapering to the apex, 1.3—1.5 mm. in diameter below, 
the basal 5 mm. longitudinally grooved on the inner face and 
densely pubescent with short, stout, simple, rather crooked 
hairs; anthers 7.5 mm. long; ovary cylindric, acuminate, 5 
mm. long, 2 mm. in diameter, glabrous; style 13.5 mm. long. 


Type, André 2355, collected near Salento, Dept. El 
Cauca, Colombia, 13 Mar. 1876, and deposited in the her- 
barium of the Royal Botanic Gardens at Kew. Mature foliage 
leaves are not present on the specmen. 

6. MARIPA SCANDENS Aubl. (M. erecta Meyer, M. cayen- 
nensis Meissn.). British Guiana: Hancock 96, Schomburgk 
110, Jennman 4874, De La Cruz 1372, 1538, 2837, 4483, 
Persaud 123; Surinam: Hostmann 1251, Wullschlaegel 821; 
French Guiana: Sagot 379, Melinon 378 (1877), (1863), (1864). 

7. MARIPA CORDIFOLIA Klotzsch. British Guiana: Parker, 
Schomburgk 1469 B. (type), Im Thurn, Jenman 20, 695, 2499, 
2500, De La Cruz 2515, 2635, 2811, 4412, Lang 64. 

8. MARIPA DENSIFLORA Benth. Alto Amazonas: Spruce 1928 ; 
British Guiana: Schomburgk 232.5 (type). 

9. MARIPA REPENS Rusby. Venezuela: Rusby & Sguires 
(type). 
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10. MARIPA GLABRA Choisy. French Guiana: Sagot 1398, 
Melinon 141 (1854), 523 (1864), (1864). 

11. MARIPA LONGIFOLIA Sagot. It is possible that Hallier 
was unaware that his recognition and brief mention of Sagot’s 
manuscript name was valid publication of a new species. It 
is apparently based on Sagot 1201, which bears Sagots’s name 
in his own hand, accompanied with the note ‘affinis Maripae 
guianensi (syn. M. scandente) a quo foliis statim diagnoscitur.’ 
The leaves are elongate oblong, 14-18 cm. long, 4-5.5 cm. 
wide, acuminate to a falcate apex, cuneate to an acute base, 
conspicuously veined. The fruit is pyriform, 2 cm. long, and 
obtuse. 

A RARE UTRICULARIA FROM BRITISH GUIANA 


UTRICULARIA BENJAMINIANA Oliver, Jour. 
Linn. Soc. 4: 176. 1860. 


Akentra inflata Benj. Linnaea 20: 319. 1847. 
Utricularia puberula Klotzsch, Schomburgk, Reisen in Brit.- 

Guiana 3: 1159. 1848. Nomen nudum. 

Utricularia inflata (Benj.) Pulle, Enum. Vasc. Pl. Surinam 

419. 1906. 

This rare species has been collected but four times, by 
Melinon and by Le Prieur and Sagot in French Guiana, by 
Hostmann (no. 85) in Surinam, and recently by La Cruz 
(no. 4514) in British Guiana. Benjamin mistook the large 
spur for the lower lip and regarded the real lower lip as the 
upper; this suggested the generic name Akenira. Oliver, ex- 
amining the same collection of Hostmann rectified the error, 
but failed to discover the upper lip. Klotzsch’s name was 
never properly published, but its application is shown by the 
appearance of this name in his hand on a sheet of Hostmann in 
the Berlin herbarium. Pulle’s combination is of course ante- 
dated by U. inflata Walt. The ample material in the La Cruz 
collection permits the completion of the description and the 
provision of more exact measurements. 


Lower part of the flowering branches densely tomentose, 
bearing a whorl of 4—7 ampullae; ampullae 1—2 cm. long, nar- 
rowly fusiform, pubescent, bearing filiform, repeatedly branch- 
ed, pubescent leaves at and near their apices; peduncle gla- 
brous, 10-15 cm. high; inflorescence many-flowered, racemose, 
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the internodes elongating during and after anthesis to as much 
as 12 mm.; bracts solitary, scarious, broadly ovate, 0.7—0.9 
mm. long, acuminate, slightly saccate at the broadly sessile 
base; pedicels glabrous, filiform, ultimately 2.5 mm. long; 
sepals 2, distinct, 0.9 mm. long, the adaxial broadly obovate, 
the abaxial almost round; corolla divided almost to the base 
into two very unequal lobes; upper lip erect in bud, nearly 
straight, 3.2 mm. long, 2 mm. wide at base, bilobed to the 
middle; lobes broadly semi-ovate, 1.2 mm. wide at base, the 
upper margins nearly straight and connivent, obtuse; lower 
lip 6.7 mm. wide, 5.9 mm. long, broadly rounded, abruptly 
spreading above the very short contracted base, palate none, 
but the center of the lip somewhat elevated around the open- 
ing into spur, which is 2.7 mm. long and about 1 mm. wide; 
spur directed forward at an angle of about 30° from the lower 
lip, 10 mm. long, obtusely ellipsoid, 3.3 mm. in diameter, 
slightly laterally flattened, slightly bilobed at apex along the 
median line; filaments nearly straight, 0.7—-0.8 mm. long, flat, 
scarious-winged; anthers nearly hemispheric, 0.5 mm. in di- 
ameter; ovary globose-ovoid. 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
1926-1928 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are 
not permitted; each subscriber must take all cards published during the term 
of his subscription. Correspondence relating to the Index may be addressed 
to the Treasurer of the Torrey Club. 


Arny, A. C., & Johnson, I. J. The roots of flax plants. Jour. 
Am. Soc. Agron. 20: 373-380. f. 1-5. Ap 1928. 

Bakhuyzen, H. L. vande Sande-. Studies upon wheat grown 
under constant conditions—I. Plant Physiol. 3: 1-6. 
Ja 1928;—II. 7-30. f. 1-5. Ja 1928. 

Baldwin, H. I. The trees of Nantucket. Am. Forests & For. 
Life 34: 664-665, 684. N 1928. 

Bartram, E. B. Costa Rican mosses collected by Paul C. 
Standley in 1924-1926. Contr. U.S. Nat. Herb. 26: 51- 
114. f. 1-39. 1928. 


Thirty five species are described as new. 


Beadle, G. W., & McClintock, B. A genic disturbance of 
meiosis in Zea Mays. Science II. 68: 433. 2 N 1928. 
Belling, J. The ultimate chromomeres of Lilium and Aloé 
with regard to the number of genes. Univ. Calif. Publ. 

Bot. 14: 307-318. f. 1-5. 31 O 1928. 

Benke, H. C. Two new varieties of early spring plants—a 
Ranunculus from Missouri and a Heterotheca from Texas. 
Rhodora 30: 200-201. 31 O 1928. 

Benoist, R. Une nouvelle espéce de Brunfelsia (Solanacées), 
plante magique des Indiens du Haut-Amazone. Bull. 
Soc. Bot. France 75: 294-296. Ap 1928. 

Blake, S. F. New South American species of Werneria. Jour. 
Washington Acad. Sci. 18: 485-498. f. 1.4 N 1928. 

Ten new species are described. 

Blinks, L. R. The injection of sulfates into Valonia. Jour. 

Gen. Physiol. 12: 207-208. 20 N 1928. 
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Brierley, P. Pathogenicity of Bacillus mesentericus, B. aroi- 
deae, B. carotovorus, and B. phytophthorus to potato tu- 
bers. Phytopathology 18: 819-838. pi. 19-22+f. 1. O 
1928. 

Brierley, W. G., & Hildreth, A.C. Some studies of the hardi- 
ness of certain species of Vaccinium. Plant Physiol. 
3: 303-308. Jl 1928. 

Brinkman, A. H. Notes on some Canadian Hepatics. Bry- 
ologist 31: 75-83. “Jl” 30 O 1928. 

Brooks, S. C., & Gelfan, S. Bioelectric potentials in Nitella. 
Protoplasma 5: 86-96. f. 1-3. O 1928. 

Bryan, K. Change in plant associations by change in ground 
water level. Ecology 9: 474-478. 17 O 1928. 

Burnham, S. H. G. K. Merrill—an appreciation. Bryologist 
31: 74. “Jl” 30 O 1928. 

Christensen, L. M. On the nitrogen content of growing cul- 
tures of Mycoderma and of Saccharomyces cerevisiae. 
Plant Physiol. 3: 61-69. Ja 1928. 

Clements, F. E., & Clements, E. S. Flower families and an- 
cestors. i-x, 1-156. f. 1-64. New York, H. W. Wilson 
Co., 1928. 

Clements, F. E., & Clements, E. S. Flowers of mountain and 
plain. 1-55. pl. 1-25. New York, H. W. Wilson Co., 
1926. 

Condit, I. J. Cytological and morphological studies in the 
genus Ficus—I. Chromosome number and morphology 
in seven species. Univ. Calif. Publ. Bot. 11: 233-244. 
pl. 7. 2 O 1928. 

Conn, H. J. Certain abundant non-spore-forming bacteria 
in soil. Centralb. Bakt. 2 Abt. 76: 65-88. f. 1-4. 1 N 1928. 

Cooper, E. Mormodes buccinator. Orchid Rev. 36: 328-329. 
N 1928. 

Cooper, G. P. The forests of western Panama. Tropical 
Woods 16: 1-9. 1 D 1928. 

Copeland, J.J.  Characiopsis pileata Copeland n. sp. Rho- 
dora 30: 194. f. 1-5. 31 O 1928. 

Coulter, M. C. Evolution of the plant kingdom. In: Newman, 
H. H., et al. The nature of the world and of man. ed. 2. 
Chapter VIII. p. 216-239. f. 32-36. Chicago, Univ. of 
Chicago Press, 1927. 
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Cowles, H. C. Interactions between plants and their en- 
vironment. In: Newman, H. H., et al. The nature of 
the world and of man. ed. 2. Chapter IX. p. 240-259. 
Chicago, Univ. of Chicago Press, 1927. 

Cowles, H. C. Persistence of prairies. Ecology 9: 380-382. 
17 O 1928. 

Coy, G. V. Morpology of Sassafras in relation to phylogeny 
of Angiosperms. Bot. Gaz. 86: 149-171. pl. 8, 9. 31 01928. 

Davies, P. A. Effect of alcohol on cells of Nitella flexilis. Bot. 
Gaz. 86: 235-239. f. 1. 31 O 1928. 

Davis, A. R., & Hoagland, D. R. An apparatus for the growth 
of plants in a controlled environment. Plant Physiol. 3: 
277-292. f. 1-6. Jl 1928. 

Drechsler, C. Pythium arrhenomanes n. sp., a parasite caus- 
ing maize root rot. Phytopathology 18: 873-875. O 1928. 

Drew, K. M. _ Seirospora Griffithsiana Harv. Rhodora 30: 
195-196. 31 O 1928. 

Drew, K. M., & Hof, A. C. Trailiella intricata Batters. Rho- 
dora 30: 196-197. 31 O 1928. 

East, E. M. The genetics of the genus Nicotiana. Bib- 
liographia Genetica 4: 243-320. f. 1,2. 1928. 

Eaton, R. J. The present status of Magnolia virginiana in 
Massachusetts. Rhodora 30: 207-208. 31 O 1928. 
Fassett, N. C. Notes from the Herbarium of the University 
of Wisconsin—III. Rodora 30: 205-207. 31 O 1928. 
Fassett, N. C. The vegetation of the estuaries of northeastern 
North America. Proc. Boston Soc. Nat. Hist. 39: 75-130. 

pl. 6-15. N 1928. 

Fellows, H. The influence of oxygen and carbon dioxide on 
the growth of Ophiobolus graminis in pure culture. Jour. 
Agr. Res. 37: 349-355. f. 1-5. “15 S” N 1928. 

Fernald, M. L. An American representative of Calamagrostis 
epigejos. Rhodora 30: 202-205. 31 O 1928. 

Calamagrostis arenicola n. sp. 

Finnell, H. H. Effect of wind on plant growth. Jour. Am. Soc. 
Agron. 20: 1206-1210. f. 1-4. N 1928. 

Frear, D., Styer, J. F.. & Haley, D. E. A study of the effect of 
H-ion concentration on the growth of Agaricus campes- 
tris. Plant Physiol. 3: 91-94. f. 1. Ja 1928. 
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Freeman, W. G. Witch broom in Trinidad. Trop. Agr. 5: 
287-288. allust. N 1928. 

Garber, R. J., & Hoover, M. M. The relation of smut infec- 
tion to yield in maize. Jour. Am. Soc. Agron. 20: 735 
746. Jl 1928. 

Gez, J. W. Notas varias. An. Soc. Cient. Argentina 4: 187 
193. alust. O 1928. 

Notes on Cactaceae. 

Griscom, L., & Svenson, H. K. Carex Mitchelliana and other 
rare plants near Cohasset, Massachusetts. Rhodora 30: 
198-199. 31 © 1928. 

Guba, E. F. Control of cucumber powdery mildew in green- 
houses. Phytopathology 18: 847-860. pl. 28+/f. 1-3. O 
1928. 

Haas, A. R. C., Batchelor, L. D., & Thomas, E. E. Yellows 
or little-leaf of walnut trees. Bot. Gaz. 86: 172-192. f. 1-5. 
31 O 1928. 

Haley, D. E., Nasset, E. S., & Olson, O. A study of certain 
constituents of the leaf and their relation to the burning 
qualities of tobacco. Plant Physiol. 3: 185-197. Ap 1928. 

Hanson, H. C. & Ball, W. S. An application of Raunkeaer’s 
law of frequency to grazing studies. Ecology 9: 467-473. 
17 O 1928. 

Hardenburg, E. V. Muck-soil reaction as related to the growth 
of certain leaf vegetables. Plant Physiol. 3: 199-210. 
f. 1,2. Ap 1928. 

Harper, R. M. Economic botany of Alabama. Part 2. Catalogue 
of the trees, shrubs and vines of Alabama, with their econo- 
mic properties and local distribution. Geol. Surv. Alabama 
Monogr. 9: 1-357. f. 1-66+maps 1-23. 1928. 

Harshberger, J. W. Tundra vegetation of central Alaska 
directly under the Arctic Circle. Proc. Am. Philos. Soc. 
67: 215-234. f. 1-16. 1928. 

Harvey, E. N. Photosynthesis in absence of oxygen. Plant 
Physiol. 3: 85-89. Ja 1928. 

Harvey, R. B. Plant physiology in Russia. Plant Physiol. 3: 
353-355. f. 1,2. Jl 1928. 

Helwig, B. Oecenotheraceae nonnullae Cubenses. Repert. 
Spec. Nov. 25: 53. 25 O 1928. 
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Henry, A. W., & Tu, C. Natural crossing in flax. Jour. Am. 
Soc. Agron. 20: 1183-1192. N 1928. 

Herzog, T. Drei neue Laubmoosgattungen. Rev. Bryol. II. 
1: 98-108. f. 1-5. 15 O 1928. 

From South Chile 

Hibbard, R. P., & Miller, E. V. Biochemical studies on seed 
viability—I. Measurements of conductance and reduc- 
tion. Plant Physiol. 3: 335-352. f. 1,2. Jl 1928. 

Hicks, P. A. Chemistry of growth as represented by carbon, 
nitrogen ratio. Bot. Gaz. 86: 193-209. f. 1-8. 31 O 1928. 

Hitchcock, A. E. Effect of peat moss and sand on rooting re- 
sponse of cuttings. Bot. Gaz. 86: 121-148. pl. 5-7++f. 
7-11. 31 O 1928. 

Hollick, A. Paleobotany of Porto Rico. N. Y. Acad. Sci. 
Surv. Porto Rico & Virgin Islands 7: 177-393. pl. 51-88. 
31 O 1928. 

Hollick, A. The story of the redwoods. Jour. N. Y. Bot. Gard. 
29: 281-282. N 1928. 

Hurd-Karrer, A. M. Changes in the buffer system of the wheat 
plant during its development. Plant Physiol. 3: 131-153. 
f. 1-12. Ap 1928. 

Immer, F. R., & Stevenson, F. J. A biometrical study of fac- 
tors affecting yield in oats. Jour. Am. Soc. Agron. 20: 
1108-1119. O 1928. 

Jacques, A. G. ,& Osterhout, W. J. V. Internal versus exter- 
nal toxicity in Valonia. Jour. Gen. Physiol. 12: 209-219. 
f. 1-3. 20 N 1928. 

Johnson, D. S., & Skutch, A. F. Littoral vegetation on a head- 
land of Mt. Desert Island, Maine—III. Adlittoral or 
nonsubmersible regions. Ecology 9: 429-448. pl. 21-23. 
17 0 1928. 

Johnston, I. M. The botanical activities of Thomas Bridges. 
Contr. Gray Herb. 81: 98-106. 24 J1 1928. 

Johnston, I. M. Some undescribed American Spermatophytes. 
Contr. Gray Herb. 81: 85-98. 24 J1 1928. 

Includes description of Mastigostyla, gen. nov. and of 19 new species in 
various genera. 

Johnston, I. M. Studies in the Boranginaceae—VII. Contr. 
Gray. Herb. 81: 1-83. 24 J1 1928. 

Includes notes on 1. The South American species of Heliotropium. 2. 

Notes on various Boraginoideae. 
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Jones, J. P. Influence of cropping systems on root-rots of 
tobacco. Jour. Am. Soc. Agron. 20: 679-685. Jl 1928. 

Kater, J. M. Structure of the nucleolus in the root-—tip cells 
of Nicotiana longiflora. Univ. Calif. Publ. Bot. 14: 319- 
322. pl. 54.3 N 1928. 

Killip, E. P. Seven new species of Valeriana from Colombia 
and Peru. Jour. Wash. Acad. Sci. 18: 498-501. 4 N 1928. 

Lepik, E. Differential staining of Peronosporaceae. Phy- 
topathology 18: 869-872. O 1928. 

Lewis, I. F., & Taylor, W. R. Notes from the Woods Hole 
Laboratory—1928. Rhodora 30: 193-198. pl. 176. O 1928. 
See articles by J. M. Poole, J. J. Copeland, K. M. Drew & A. C. Hof, & 

W. R. Taylor, indexed separately. 

Lloyd, F. E., & Moravek, V. Studies in periodic precipitation. 
Plant Physiol. 3: 101-130. pl. 1-5. Ap 1928. 

Loehwing, W. F. Calcium, potassium, and iron balance in 
certain crop plants in relation to their metabolism. 
Plant Physiol. 3: 261-275. Jl 1928. 

Lowe, C. W. Some observations on Hydrodictyon reticulatum 
(L.) Lagerh. with special reference to the chloroplasts 
and organization. Trans. Royal Soc. Canada III. 21°: 
279-290. f. 1+ pl. 1-4. My 1927. 

Lowe, C. W. Some freshwater algae of southern Quebec. 
Trans. Royal Soc. Canada 21°: 291-318. pl. 1,2. My 1927. 

McDougall, W. B., & Liebtag, C. Symbiosis in a decidous 
forest—III. Mycorhizal relations. Bot. Gaz. 86: 226- 
234. 31 O 1928. 

McLean, F. T., & Gilbert, B. E. Aluminum toxicity. Plant 
Physiol. 3: 293-302. Jl 1928. 

Malinowski, E. Variegation and chromosomes in Petunia. 
Jour. Heredity 19: 521-526. f. 8-12. N 1928. 

Martin, G. H., & Charles, V. K. Preliminary studies of the 
life history of Erostrotheca multiformis, the perfect stage 
of Cladosporium album Dowson. Phytopathology 18: 839- 
846. pl. 23-27. O 1928. 

Martin, J. H. Plant characters and yield in grain sorghums. 
Jour. Am. Soc. Agron. 20: 1177 —1182. f. 1. N 1928. 
Miller, J.C. Effect of high temperature on character of growth 

of cabbage. Plant Physiol. 3: 95-96. f. 1. Ja 1928. 
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Moxley, E. A. The moss flora of North Grey County and part 
of the Bruce Peninsula, Ontario. Canadian Field Nat. 
42: 194-201. 1 N 1928. 

Ocfemia, G. O., & Calinisan, M. R. The root-knot of Abaca, 
or Manila hemp. Phytopathology 18: 861-867. f. 1,2. 
O 1928. 

Owen, F. V. A sterile character in soybeans. Plant Physiol. 
3: 223-226. f. 1, 2. Ap 1928. 

Owen, F. V., Burgess, I. M., & Burnham, C. R. The influence 
of environmental factors on pigment patterns in varieties 
of common beans. Jour. Agr. Res. 37: 435-442. f. 1-3. “10” 
N 1928. 

Pearson, G. A. Measurement of physical factors in silvicul- 
ture. Ecology 9: 404-411. 17 O 1928. 

Pennell, F. W. Agalinis and allies in North America—I. Proc. 
Acad. Nat. Sci. Philadelphia 80: 339-449. maps 1-17. 1928. 
Describes Brachystigma gen. nov. and several new varieties and com- 

binations. 

Plitt, C. C. George Knox Merrill. Bryologist 31: 65-71. pl. 
6+ portrait. “Jl 30 O 1928. 

Poole, J. P. Ocedogonium Reinschit Roy sec. Hirn. Rhodora 
30: 193-194. 31 O 1928. 

Raup, L. C. A list of the lichens of the Athabasca Lake region 
of northwestern Canada. Bryologist 31: 83-85. “‘Jl’’ 30 O 
1928; 100-104. “*S’”’ D 1928. 

Richey, F. D. The intensive production of single crosses be- 
tween selfed lines of corn for double crossing. Jour. Am. 
Soc. Agron. 20: 942-946. f. 1,2. S 1928. 

Richey, F. D., & Garrison, H. S. Equality of kernel row 
numbers in reciprocal corn crosses. Jour. Am. Soc. Agron. 
20: 1069-1072. O 1928. 

Robertson, C. Flowers and insects—XXV. Ecology 9: 505- 
526. 17 O 1928. 

Robinson, B. L. Sir Joseph Dalton Hooker (1817-1911). Proc. 
Am. Acad. Sci. 62: 257-266. My 1928. 

Rosenstock, E. Filices novae a cl. Dr. O. Buchtien in Bolivia 
collectae-VI. Repert. Spec. Nov. 25: 56-64. 25 O 1928. 
Roshevitz, R. A new representative of the grass genus 771- 
mouria from Mongolia. Jour. Wash. Acad. Sci. 18: 502. 

N 1928. 
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Ruttle, M. L. Chromosome number and morphology in JAt1- 
cotiana—II. Diploidy and partial diploidy in root tips of 
Tabacum haploids. Univ. Calif. Stud. Bot. 11: 213-232. 
f. 1-7.19 O 1928. 

Rydberg, P. A. Life zones of the Rocky Mountains. Jour. N. 
Y. Bot. Gard. 29: 282-284. N 1928. 

Sando, C. E. Lipides and their estimation in vegetable tissues. 
Plant Physiol. 3: 155-184. Ap 1928. 

Sass, J. E. Aberrant heterothallism in a homothallic Coprinus. 
Science IT. 68: 548. 30 N 1928. 

Sayre, J. D. The development of chlorophyll in seedlings in 
different ranges of wave lengths of light. Plant Physiol. 
3: 71-77. f. 1-3. Ja 1928. 

Schertz, F. M. The extraction and separation of chlorophyll 
(a+b) carotin and xanthophyll in fresh green leaves, pre- 
liminary to their quantitative determination. Plant 
Physiol. 3: 211-216. Ap 1928. 

Schertz, F. M. The quantitative determination of chlorophyll. 
Plant Physiol. 3: 323-334. f. 1, 2. J1 1928. 

Schwartz, O. Die Pontederiaceen. Pflanzenareale 2: 13-14. 
maps 11-17. 1928. 

Shull, C. A. The multiple-seeded Xanthium. Bot. Gaz. 86: 
240-242. f. J. 31 O 1928. 

Sharpe, L. Abnormal embryos of oats and wheat. Jour. Elisha 
Mitchell Sci. Soc. 44: 90-94. pl. 3-6. S 1928. 

Shimek, B. The prairies again. Science II. 68: 321-323. 5 O 
1928. 

Sideris, C. P. Certain physicochemical properites of pine- 
apple stem colloids. Plant Physiol. 3: 309-321. f. 1-8. 
Jl 1928. 

Sideris, C. P. Similarity between physicochemical and biolog- 
ical reactions. Plant Physiol. 3: 79-83. Ja 1928. 

Siegler, E. A. Studies on the etiology of apple crown gall. 
Jour. Agr. Res. 37: 301-313. f. 1-6. “1S” N 1928. 

Sommer, A. L. Further evidence of the essential nature of 
zine for the growth of higher green plants. Plant Physiol. 
3: 217-221. f. i-3. Ap 1928. 

Sommer, A. L., & Sorokin, H. Effects of the absence of boron 
and of some other essential elements on the cell and tissue 
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structure of the root tips of Pisum sativum. Plant Phy- 
siol. 3: 237-260. pl. 7-11. Jl 1928. 

Sponsler, O. L. The molecular structure of the cell wall of 
fibres. A summary of x-ray investigations. Am. Jour. Bot. 
15: 525-536. f. 1-7. 28 N 1928. 

Standley, P. C. Five new trees and shrubs from Nicaragua. 
Tropical Woods 16: 43-46. 1 D 1928. 

Standley, P. C. New trees from British Honduras. Tropical 
Woods 16: 38-42. 1 D 1928. 

New species are described in Coccoloba (1), Pterocarpus (1), Allophylus 

(1), Cupania (1), Bourreria (1), Aegiphila (1) and Palicourea (1). 

Standley, P. C. Two new trees from Honduras. Tropical 
Woods 16: 47-48. 1 D 1928. 

Stevens, F. L. Effects of ultra-violet radiation on various 
fungi. Bot. Gaz. 86: 210-225. f. 1-12. 31 O 1928. 

Stevenson, F. J. Natural crossing in barley. Jour. Am. Soc. 
Agron. 20: 1193-1196. N 1928. 

Stewart, G., & Tingey, D. C. Transgressive and normal seg- 
regations in a cross of MarquisXFederation wheats. 
Jour. Am. Soc. Agron. 20: 620-634. f. 1. Je 1928. 

Taylor, W. R. Asparagopsis hamifera (Hariot) Okam. Rho- 
dora 30: 197-198. pl. 176. 31 O 1928. 

Thomas, R. C. Composition of fungus hyphae—I. The Fu- 
saria. Am. Jour. Bot. 15: 537-547. 28 N 1928. 

Thomas, R. C. The ceric acid reaction with particular reference 
to suberin. Ohio Jour. Sci. 28: 246-252. S 1928. 

Thompson, W. P. Characters of common wheat in plants 
with fourteen chromosomes. Proc. Royal Soc. Canada 
III. 215: 273-277. My 1927. 

Trelease, W. Loranthacea nova hispaniolensis. Repert. 
Spec. Nov. 25: 55. 25 O 1928. 
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